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ABSTRACT
The P r im ary  purpose o f  t h i s  study was to  i n v e s t i g a t e  the  
r e a c t io n s  o f  the hand to  s t r e s s  in the  form o f  repeated  blows. The 
th re e  s p e c i f i c  responses which were observed were te m p e ra tu re ,  pain  
t o l e r a n c e ,  and volume. The secondary purpose o f  t h i s  exper iment  
was to  d e te rm in e  whether  c o n d i t i o n i n g  could i n f lu e n c e  te m p era tu re ,  
pain  t o l e r a n c e ,  and volume responses o f  the  hand. The game o f  hand­
b a l l  was s e le c t e d  as the  medium f o r  i n f l i c t i n g  repeated blows to  
the  hands.
S i x t y  a d u l t  and c o l l e g e  age males v o lu n te e re d  to  p a r t i c i p a t e  
in t h i s  study which was conducted d u r in g  the  1972-73 academic y ear  a t  
L ou is iana  S ta te  U n i v e r s i t y .  These s u b je c ts  were grouped i n t o  th re e  
groups o f  twenty members accord ing  to  t h e i r  e x p e r ie n c e  in the game 
o f  h a n d b a l l .  The c o n t r o l  group had never p a r t i c i p a t e d  in handball  
and d id  not p a r t i c i p a t e  in i t  d u r in g  the  s tudy .  The s u b jec ts  in the  
f i r s t  e xpe r im enta l  group were beg inn ing  handball  p la y e r s  who were  
t a k in g  a course in h a n d b a l l .  The second e x p e r im e n ta l  group conta ined  
exper ienced  handball  p la y e r s .  One t e s t i n g  session was ad m in is te red  
to the s u b je c ts  e ve ry  two weeks d u r in g  the  tw e lve  week p e r io d .  Each 
o f  the s i x  sessions c o n s is te d  o f  a p r e s t r e s s  t e s t i n g  phase,  a per io d  
o f  s t r e s s  re ce ived  by p l a y i n g  h a n d b a l l ,  and a p o s ts t r e s s  t e s t i n g  phase,  
w i th  o n ly  the p r e s t r e s s  phase a d m in is te re d  to  the  c o n t r o l  group. The 
pre  and p o s ts t r e s s  examinat ions  concerned te m p e ra tu re ,  pa in  t o l e r a n c e ,  
and volume o f  the dominant and nondominant hands.
Two analyses  o f  v a r i a n c e  w i th  s p l i t - p l o t  designs were u t i l i z e d  
in  the s t a t i s t i c a l  p rocedures .  The f i r s t  a n a l y s is  was a c o m p le te ly  
randomized a n a ly s is  o f  v a r ia n c e  w i t h  a s p l i t - p l o t  arrangement to  
determ ine  Whether a s i g n i f i c a n t  d i f f e r e n c e  e x is t e d  between the p r e ­
s t r e s s  scores f o r  each o f  the th re e  v a r i a b l e s  f o r  a l l  th r e e  groups.
The second a n a l y s is  a ls o  co n s is ted  o f  a c o m p le te ly  randomized a n a ly s is  
o f  v a r ia n c e  w i t h  a s p l i t - p l o t  arrangement to  de te rm ine  s i g n i f i c a n t  
d i f f e r e n c e s  between the  p r e s t r e s s  and p o s ts t r e s s  t e s t  scores f o r  the  
th re e  v a r i a b l e s  between the beg inn in g  ( l l )  and exper ienced  ( i l l )  
groups. Four m u l t i p l e  e r r o r  terms were u t i l i z e d :  group, hand, t im e ,
and t e s t .  Th is  des ign a l lowed exam inat ion  o f  a l l  p o s s ib le  combinations  
o f  the fo u r  f a c t o r s  named above f o r  each v a r i a b l e .
W i th in  the  l i m i t a t i o n s  o f  t h i s  s tudy ,  the f o l l o w i n g  conclus ions  
seem j u s t i f i a b l e :
1. There a re  no c o n d i t i o n i n g  e f f e c t s  in regard to  tem peratu re ;  
however,  p o s t s t r e s s  t e s t  scores a re  h ig h e r  than p r e s t r e s s  t e s t  scores .
2 .  For one who is  beginning to  p a r t i c i p a t e  in an a c t i v i t y  f o r  
an extended t ime p e r io d ,  pa in  t o le r a n c e  and hand volume are  increased  
as a r e s u l t  o f  a program o f  r e g u la r  exposure to  repeated s t r e s s .
3 .  Because the dominant hand is  used more and rece ive s  more 
s t r e s s ,  i t  shows g r e a t e r  te m p e ra tu re ,  pa in  t o l e r a n c e ,  and volume 
responses than the nondominant hand.
4 .  As the hand becomes c o n d i t io n e d  to  s t r e s s  i t s  pa in  t o le r a n c e  
and volume do not  in c rea se  as much in the p o s t s t r ’ess t e s t i n g ,  as they  
d id  when the  a c t i v i t y  was f i r s t  s t a r t e d .
5 .  I t  appears t h a t  the s w e l l i n g ,  as caused by repeated blows,  




The human hand is a d e l i c a t e  and e f f i c i e n t  ins trument  which  
is e s p e c i a l l y  c o n s t ru c te d  f o r  the important p a r t  i t  p lays  in man's 
a c t i v i t y .  The performance o f  the hand is so e s s e n t i a l  and so a u to ­
matic  the in d i v i d u a l  seldom is f u l l y  aware o f  i t s  range o f  a c t i v i t i e s .  
Vocat ions ,  whether  they be those o f  u n s k i l l e d  l a b o r ,  o f  computer p ro ­
gramming, o r  o f  a h i g h l y  s k i l l e d  s u r g ic a l  n a t u r e ,  re q u i re  e x t e n s iv e  
use o f  the hands. Man's r e c r e a t i o n ,  such as c o m p e t i t i v e  games, 
b i c y c l e  r i d i n g ,  or stamp c o l l e c t i n g ,  in v o lv e s  the hands. The hands 
a r e  necessary  f o r  the p la y in g  o f  musical  instruments  and producing  
s c u lp t u r e  and p a i n t i n g s ,  which r e f l e c t  the l i f e  p a t t e r n s  o f  man. In  
some in s tan ce s ,  such as the sign language o f  -the d e a f  and . B r a i l l e  
w r i t i n g s ,  the hands even compensate f o r  the m a l f u n c t io n  o f  some o th e r  
p a r t  o f  the human anatomy. In the area  o f  human r e l a t i o n s h i p s ,  
goodwil l  and f r i e n d l i n e s s  can be conveyed through a handclasp.
As w e l l  as being in v a lu a b le  to independent and s a t i s f y i n g  
d a i l y  achievements,  the hand has in f lu e n c e d  man's i n t e l l e c t u a l  accom­
pl ishments  and progress through h i s t o r y ,  The f a c t  t h a t  the thumb is  
f l e x i b l e  and enables  the hand to  grasp o b je c t s  o f  many d i f f e r e n t  
shapes is  commonly b e l ie v e d  to be re sp o n s ib le  f o r  much o f  man's
^A. B. H . ,  "Hand,"  World Book E n cy c lo p ed ia , ( 1 9 5 5 ) ,  V I I I ,  3256
t e c h n ic a l  p rogress .  The t a c t i l e  d i s c r i m i n a t i o n  o f  the  f i n g e r s  and
hands is so keen the q u a l i t y  o f  a f a b r i c  and the t e x t u r e  o f  s o i l  can
2
be determined through touch.
The many types o f  s t r e s s  which the human organism encounters
r e q u i r e  t h a t  t h i s  organism adapt i t s e l f  and respond in v a r io u s  ways.
Man is equipped w i th  the inna te  a b i l i t y  to  r e a c t  to  s t i m u l i .  This
process is one o f  the most bas ic  human e x p e r ien ce s .
S tress  which c ha l le n g es  the thermal r e g u l a t i o n  o f  the human
body is common. Body te m perature  and i t s  r o l e  in human h e a l t h  was
o f  i n t e r e s t  to man even b e fo re  H ippocra tes  s t a r t e d  i n v e s t i g a t i n g
3
t h i s  a rea  a p p ro x im a te ly  two thousand years  ago. According to  
Shimkin,  heat  is generated by a l l  processes which r e q u i r e  energy.
This  would a pp ly  to  a l l  l i f e  processes .  Phys ica l  a c t i v i t y  re q u i re s  
use o f  energy and d u r in g  e x e r c is e  the body is known to r e g u la t e  a 
high core o f  i n t e r n a l  te m pera tu re .
Advances in the area  o f  thermography, the science  o f  reco rd in g  
g r a p h i c a l l y  temperatures  o r  changes o f  tem p era tu re ,  revea l  t h a t  v a r io u s
^J.  D. R a t l i f f ,  " I  Am Joe 's  Hand," Reader 's  D i g e s t . 1 02 :7 9 -8 2 ,  
January ,  1973.
3
T r a v is  Winsor and Jesus Bendezu, "Thermography and the  
P e r ip h e r a l  C i r c u l a t i o n , "  Annals o f  New York Academy o f  S c ie n c es , 
1 21 :1 3 5 -1 5 8 ,  October,  1964.
^Michael  B. Shimkin,  "Summary (o f  Thermography), "  Annals o f  
New York Academy o f  S c ie n c e s , 1 2 1 :3 0 1 -30 3 ,  October,  1964.
'’ B. S a l t i n ,  A. P. Gagye, and J .  A. J.  S t o l w i j k ,  "Muscle  
Temperature D ur ing  Submaximal Exe rc is e  in Man," Journal  o f  A pp l ied  
P h y s io lo g y , 2 5 : 6 7 9 - 6 8 8 ,  December, 1968.
d iseases  g en era te  ex c e s s iv e  heat  w i t h i n  the body.^  Boas^ conducted  
a study which concerned d e t e c t i n g  and measuring heat  produced by
rheumatoid a r t h r i t i s .  There is ev idence  t h a t  some o r th o p a e d ic  d i s -
8 9orders  and some types o f  cancer  produce h e a t .
In a d d i t i o n  to the heat  genera ted  i n t e r n a l l y  from sources  
such as e x e r c is e  and d is e a s e ,  the human body a ls o  encounters  wide  
ranges in tem perature  from the e x t e r n a l  envi ronm ent .  Temperature  
v a r i a t i o n s  such as may be exper ien ced  when e n t e r i n g  o r  lea v in g  a i r -  
c o n d i t io n ed  b u i l d i n g s ,  r e q u i r e  t h a t  the body a d j u s t  to  cold as w e l l  
as to  h e a t .
That the human organism can r e a c t  and a d j u s t  to  s t re s s  on 
i t s  thermal e q u i l i b r i u m  is d is p la y e d  by the f a c t  t h a t  the average  
i n t e r n a l  temperatu re  o f  the human body remains e s s e n t i a l l y  unchanged 
because the m e ta b o l i c  r a t e  is  re g u la te d  (37 degrees c e n t ig r a d e  or  
9 8 . 6  degrees F a h r e n h e i t ) ,  even though i t  is  exposed f o r  b r i e f  pe r io ds
^R. Bowling Barnes,  "Thermography,"  Annals  o f  New York  
Academy o f  S c ie n c es , 1 2 1 :3 4 -4 8 ,  October,  1964.
^Norman F. Boas, "Thermography in Rheumatoid A r t h r i t i s , "  
Annals  o f  New York Academy o f  S c ie n c e s . 1 2 1 :2 2 3 -2 3 4 ,  October,
1964.
8S. M. A l b e r t ,  M. Gl ickman,  and M. K a l l i s h ,  "Thermography  
in O r th o p e d ic s ,"  Annals o f  New York Academy o f  S c ie n c e s . 121: 
157-170,  October,  1964.
Q
M ar ia  B. C h i r i c u t a  and S. Bologa O p r is ,  "The C o r r e l a t i v e  
Value o f  Thermometry and the Glucose T o le ran c e  Test  in Cancer o f  
the B r e a s t , "  Romanian Medical  Review, 1 5 : 7 3 - 7 6 ,  A p r i l - J u n e ,  1971-
to  extremes o f  w ea th e r ,  o r  o t h e r  c h a l l e n g in g  f a c t o r s . ^  Numerous 
s tu d ie s  e x i s t  concern ing both i n t e r n a l  temperature  and s k in  temper­
a t u r e  in r e l a t i o n  to  v a r io u s  f a c t o r s ,  such as those ment ioned  above 
however,  no e xp e r im en ta l  s tu d ie s  which concern the r e l a t i o n s h i p  o f  
e x t e r n a l  p h y s ic a l  p re s s u re ,  such as repeated  b lows,  and the body's  
response in terms o f  tem peratu re  were found.
Both the study o f  body te m perature  and the study o f  pa in  
have produced d i f f e r e n t  t h e o r i e s  a t  d i f f e r e n t  stages o f  progress.  
Although man has made advancements in the a re a  o f  thermography, the 
e a r l i e s t  c l i n i c a l  method o f  e s t i m a t i o n  o f  s k in  te m peratu re  was 
pro b a b ly  t h a t  o f  g e n e r a t io n  o f  s i g n a l s  from sensors  in  the skin  of
the p h y s i c i a n ' s  hand through c o n ta c t  w i t h  the p a t i e n t ' s  f o r e h e a d . * '
12Hardy,  W o l f f ,  and Goode11 p o in te d  ou t  th a t  pain  is one o f  the  
most common e x p e r ien ces  o f  man and is p roba b ly  one o f  man‘ s o l d e s t  
pre o cc u p a t io n s .  They summarized the th re e  concepts which have 
evolved in the study o f  p a in .  D ur in g  the t ime o f  A r i s t o t l e  pa in  
was considered  to  be a f e e l i n g  s t a t e ,  a q u a l i t y  o f  the s o u l ,  and 
the o p p o s i te  to  p le a s u r e .  A t  the end o f  the e ig h t e e n t h  century
*^J.  Gershon-Cohen, Jo Ann D. Haberman-Brueschke,  and E r ic h
E. Brueschke,  "M edica l  Thermography: A Summary o f  C u r re n t  S t a t u s , "
The R a d io lo g ic  C l i n i c s  o f  North  Am er ica , 3 1^ 0 3 -^ 3 1 ,  December,  1965-
* * A l i c e  M. S t o l l ,  "Techniques and Uses o f  Skin Temperature  
Measurements," Annals o f  New York Academy o f  S c ie n c e s , 121:^ 9 “55,  
October,
12James D. Hardy,  Haro ld  G. W o l f f ,  and Helen Goode l l ,  Pai n 
Sensat ions  and Reactions  ( B a l t i m o r e :  W i l l i a m s  and W i l k i n s  Co . ,
1 9 5 2 ) ,  p 7  r r
the i n t e n s iv e  theory  was in t roduce d .  I t  considered pain  to  be the 
r e s u l t  o f  e xc e ss ive  s t i m u l a t i o n  o f  any o f  one o f  the f i v e  senses.
The t h i r d  t h e o r y ,  the sensory t h e o ry ,  now seems to  be w e l l  e s t a b ­
l is h e d  and g e n e r a l l y  a ccepted .  The sensory th e o ry  m a in t a in s  t h a t
pa in  is  a s p e c i f i c  se n s a t io n  w i th  i t s  own s t r u c t u r a l ,  f u n c t i o n a l ,
13and p e rce p tu a l  p r o p e r t i e s .  C u r r e n t l y  pa in  is  b e l ie v e d  to  be an
a b s t r a c t  concept o f  h u r t  which each in d i v i d u a l  expe r ien ces  p e r s o n a l l y
14f o r  the f u n c t i o n  o f  s e l f - p r e s e r v a t i o n .  This  concept does not e x i s t  
independent ly  o f  o t h e r  aspects  o f  the organism. F a c t o r s ,  which are  
not a l l  understood o r  i d e n t i f i e d ,  such as emotions,  f e a r ,  and 
env i ronm enta l  c o n d i t i o n s ,  may i n f lu e n c e  pa in  p e rc e p t io n  and response.  
Recogniz ing and responding to  pa in  a re  p r o t e c t i v e  f u n c t io n s  o f  the  
body. P e t r i e  gave an example o f  the importance o f  these f u n c t i o n s :
That  i n t a c t  s u r v i v a l  is  j e o p a r d i z e d  in the absence o f  pa in  
is r e in f o r c e d  by the e f f e c t s  o f  c e r t a i n  d iseases  t h a t  may occur  
q u i t e  l a t e  in  l i f e .  For one example,  s e n s i t i v i t y  to  pa in  is  
l o s t  in le p ro s y .  Recent workers hdve demonstrated t h a t  many o f  
the problems in t r e a t i n g  lep ro sy  a r i s e  from the la c k  o f  t h i s  
"danger"  s i g n a l ,  and the consequent n e g l e c t  o f  the  l e p e r  o f  
wounds and i n f e c t i o n .  Among the most b i z a r r e  o f  such re p o r ts  
is t h a t  a r a t  can n i b b l e  away a t  the f i n g e r s  o f  a l e p e r  who 
s leeps  on w i t h  no pa in  to  d i s t u r b  and p r o t e c t  him.
Hardy,  W o l f f ,  and Goode 11 s ta te d  t h a t  pa in  is  r e a d i l y  recognized  
and a p p re c ia te d  as d i f f e r e n t  from o th e r  s en s a t io n s  on the bas is  o f  i t s  
q u a l i t a t i v e  f e a t u r e s ,  i t s  f u n c t i o n a l  im portance ,  and the  anatomy o f  i t s
^ I b  i d . , p . 24.
1 [ l
Richard A. S te rn b ack ,  P a in ;  A Psych o p h ys io lo q ica l  A n a lys is  
(New York;  Academic P ress ,  1968) ,  p. XI.
^ A s e n a t h  P e t r i e ,  I n d i v i d u a l i t y  in  Pain  and S u f f e r i n g  (Chicago:  
The U n i v e r s i t y  Press ,  19&7),  p. 25-
nervous system. These same researchers  a ls o  presented a p o s s ib le
c lo s e  r e l a t i o n s h i p  between p a i n f u l  s t i m u l a t i o n  and a c t u a l  damage to
a f f e c t e d  t i s s u e s . ^  I f  t h i s  r e l a t i o n s h i p  does e x i s t ,  i t  f o l lo w s
t h a t  being aware o f  the degree  o f  pa in  one can t o l e r a t e  is im por tan t
to  a v o id in g  permanent damage to  body t i s s u e s .  A ls o ,  to  know under
what c o n d i t io n s  pa in  t o le r a n c e  is ra ise d  is  necessary .  Persons who
are  devoid  o f  pa in  sense must recognize  t h e i r  c o n d i t io n  and make
adjustments  to  t h e i r  environment by using the o t h e r  senses.
Pain t o le r a n c e  is the p o in t  or  i n t e n s i t y  o f  pa in  a t  which
a s u b je c t  in d ic a t e s  he can w i th s ta n d  no more pa in  a p p l i c a t i o n .  U n t i l
r e c e n t l y ,  l i t t l e  was known o f  pa in  t o l e r a n c e  because t h e r e  was no
18
r e l i a b l e  means o f  a c c u r a t e l y  t e s t i n g  and measuring p a in .  In  more
r e cen t  y e a r s ,  p a in  has been d iv id e d  i n t o  two p r im ary  ty p e s ,  c l i n i c a l
and e x p e r im e n t a l ,  and methods f o r  o bserv ing  e xp e r im en ta l  p a in  a re
becoming b e t t e r  i d e n t i f i e d .  The f o u r  best  known types o f  inducement
o f  e xp e r im en ta l  pa in  a re  e l e c t r i c a l ,  m echa n ica l ,  th e rm a l ,  and chemical
E x i s t i n g  s tu d ie s  i n d i c a t e  t h a t  thermal and e l e c t r i c a l  methods a r e  used
most o f t e n  in e x p e r im e n ta l  i n v e s t i g a t i o n s  because they lend themselves
19 20
to use f o r  d i f f e r e n t  areas  o f  the body. Gelfand and P e t r i e  used
^ H a r d y ,  W o l f f ,  and Goodell . ,  op.  c i t . ,  pp. 37 9 -3 8 0 .
171 b i d . ,  p. 53.
18_ . . ,P e t r i e ,  op.  c i t . ,  p. 1.
^ S i d n e y  G e l fa n d ,  "The R e la t io n s h i p  o f  Exper imenta l  Pain T o l e r  
ance to Pain T h r e s h o ld , "  Canadian Journal  o f  Psycho logy , 1 8 : 3 6 - 4 2 ,  
March, 1964.
20 Asenath P e t r i e ,  W a l t e r  C o l l i n s ,  and P h i l i p  Solomon, "The  
T o le ran ce  f o r  Pain  and Sensory D e p r i v a t i o n , "  The American Journal  o f  
Psychology , 7 3 : 8 0 - 9 0 ,  March,  I960 .
2 1heat a p p l i c a t i o n  to  induce p a in .  B l i t z ,  D i n n e r s t e i n ,  and Lowenthal
d e l i v e r e d  e l e c t r i c a l  shock through small  e le c t r o d e s  to  c r e a t e  p a in .
22
Lambert ,  Libman, and Poser induced mechanical  pa in  through the use
o f  a c l i n i c a l  sphygmomanometer. S tu d ie s  us ing  m e c h a n ic a l ly  induced
pain  seem to u s u a l l y  u t i l i z e  t h i s  l a t t e r  d e v i c e .  S tu d ie s  revea led
t h a t  o t h e r  methods f o r  m e c h a n ic a l ly  producing pa in  were needed.
Chemical methods o f  inducing pa in  a re  a v a i l a b l e  and in use; however,
23
th e re  is d i f f i c u l t y  in measuring i n t e n s i t y  o f  pa in  thus induced.
These means o f  pa in  i n v e s t i g a t i o n  have made i t  p o s s ib le  f o r  
deeper exam inat ion  in the a rea  o f  pa in  t o l e r a n c e .  S tu d ie s ,  which  
have been g iven c a r e f u l  a t t e n t i o n  in the d is c u s s io n  o f  l i t e r a t u r e ,  
have r e f l e c t e d  new i n s ig h t s  on f a c t o r s  which in f l u e n c e  pa in  t o le r a n c e  
and on pain  t o le r a n c e  o f  s e le c t e d  p a r t s  o f  the human anatomy.
Volumes o f  in fo r m a t io n  on pa in  were a v a i l a b l e  to  the researche  
Temperature and pa in  t o l e r a n c e  have been the  concern o f  recen t  s tu d ie s  
T h e r e f o r e ,  a l though i t  is  not thorough and c o n s i s t e n t ,  a q u a n t i t y  o f  
in fo r m a t io n  in these areas  e x i s t s .  A quest f o r  in fo r m a t io n  on hand 
volume revea led  t h a t  th e re  was indeed a la c k  o f  p u b l i c a t i o n s  in t h i s  
a rea .
21 Bernard B l i t z ,  A l b e r t  J .  D i n n e r s t e i n ,  and M i l t o n  Lowenthal ,  
" R e l a t i o n s h i p  Between Pain  T o le ra n c e  and K i n e s t h e t i c  S iz e  Judgment,"  
Perceptua l  and Motor S k i l l s , 2 2 : 4 6 3 - 4 6 9 ,  A p r i l ,  1966.
22W al lace  E. Lambert ,  Eva Libman, and Ernest  G. Poser ,  "The  
E f f e c t  o f  Increased S a l i e n c e  o f  a Membership Group on Pain T o le r a n c e ,"  
Journal  o f  P e r s o n a l i t y ,  2 8 : 3 5 0 - 3 5 7 ,  September,  I9 6 0 .
23 Hardy,  W o l f f ,  and G o o d e l l ,  op.  c i t . ,  p. 61.
Edema has been the t o p i c  o f  e x p e r im e n ta l  s t u d ie s ;  but edema
was not a p r im ary  concern in t h i s  s tudy .  G e n e r a l l y ,  edema was r e f e r r e d
to  as an abnormal inc re ase  and r e t e n t i o n  o f  body f l u i d s  due t o  d is ea s e
24
or  d i s o r d e r  o f  the body. S w e l l i n g ,  in  t h i s  s tudy ,  was d e f in e d  as 
the increase  o f  f l u i d  and volume o f  a g iven  a r e a ,  due to  a c t i v i t y  o f  
t h a t  s p e c i f i c  body p a r t  o r  e x t e r n a l  p ress ure  on t h a t  p a r t .  The 
a v a i l a b l e  in fo rm a t io n  on s w e l l in g  appeared to  be the type found in 
phy s io logy  or  medical  te x tb o o k s ,  t h a t  which was taken from c l i n i c a l  
f a c t s ,  and not t h a t  which was deduced as the  r e s u l t  o f  e xper im enta l  
research .
To summarize,  the hand is one o f  man's p r im ary  to o ls  which  
d a i l y  encounters  var io u s  types o f  s t r e s s  o r  p re s s u re .  In o rd e r  to  
remain f u n c t i o n a l ,  the hand, l i k e  o th e r  p a r t s  o f  the human anatomy,  
must respond p r o p e r ly  to  the a p p l i c a t i o n  o f  s t r e s s .  The hand, j u s t  
as the organism, must r e p e a t e d ly  respond in  terms o f  te m p e ra tu re ,  
p a in ,  and volume. Exper imenta l  research  on the  hand and i t s  responses 
was needed. Such research was shown t o  be e s p e c i a l l y  u s e fu l  because 
the hand temperature  response,  the  pa in  t o l e r a n c e ,  and the volume 
response were found to  be i n t e r r e l a t e d  when a s p e c i f i c  s t r e s s o r  
c h a l lenged  the hand.
STATEMENT OF THE PROBLEM
t
Because the a n a l y s is  o f  hand r e a c t io n s  to  s t r e s s  in  the form 
o f  repeated blows was l a r g e l y  u n d e f in e d ,  i t  seemed w o r th w h i le  to
24A r th u r  C. Guyton. Basic Human P h ys io lo g y :  Normal Functions
and Mechanisms o f  Disease  ( P h i l a d e l p h i a :  W. B. Saunders C o . , 1971),
PP7 191, 320 ,  245 ,  >79.
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conduct a study which ( 1 )  measured tem p era tu re ,  pa in  t o l e r a n c e ,  and 
volume o f  the hand; (2 )  a p p l ie d  e x t e r n a l  s t r e s s  to the hand in the 
form o f  repeated blows; and, ( 3 )  remeasured te m p e ra tu re ,  pa in  t o le r a n c e ,  
and volume a t  one sess io n .  The p r e s t r e s s  and p o s ts t r e s s  t e s t  scores  
were compared to  de te rm ine  what s p e c i f i c  responses the hand made in 
regard to these th re e  f a c t o r s ,  a f t e r . s t r e s s  had been a p p l ie d .
PURPOSE OF THE STUDY
The p r im a ry  purpose o f  t h i s  study was to i n v e s t i g a t e  the 
re a c t io n s  o f  the hand to  s t r e s s  in the form o f  repeated blows. The 
t h r e e  s p e c i f i c  responses which were observed were te m p e ra tu re ,  pa in  
t o l e r a n c e ,  and volume. The secondary purpose o f  t h i s  exper iment  was 
to  de te rm ine  whether  c o n d i t i o n i n g  could i n f lu e n c e  te m p era tu re ,  pain  
t o le r a n c e ,  and hand volume responses o f  the hand. The game o f  hand-  
b a l 1 was s e le c t e d  to  be the  medium f o r  i n f l i c t i n g  repeated blows to  
the hand. The c o m p e t i t i v e  n a t u r e  o f  handball  n o rm a l ly  causes the  
p a r t i c i p a n t  to  put f o r t h  h is  g r e a t e s t  e f f o r t ,  thus producing maximum 
s t r e s s  on the hand.
DELIMITATIONS OF THE STUDY
This  study concerned o n ly  te m p e ra tu re ,  pa in  t o l e r a n c e ,  and 
volume o f  the hand b e fo re  and a f t e r  i t  was su b jec ted  to  s t r e s s  in the  
form o f  repeated blows. The blows were the  r e s u l t  o f  p l a y i n g  h a n d b a l l .
The number o f  s u b je c ts  f o r  the s tudy  was l i m i t e d  to  s i x t y  in 
o rd e r  to  make the t e s t - r e t e s t  schedule  f o r  th re e  equal  groups f e a s i b l e .  
S ub jec ts  were s e le c t e d  from male s tude nts  o f  Lo u is ia n a  S t a t e  U n i v e r s i t y
10
and a d u l t  males who played handball  on the Lou is ia na  S t a t e  U n i v e r s i t y  
c o u r t s .
A t ime l i m i t  f o r  the study was s e t  a t  twe lve  weeks.  Th is  
l i m i t  enabled the re se a rc h e r  to  f o l l o w  the progress  o f  handball  
students  through an e n t i r e  semester.  Beginning handball  p la y e r s  
were re q u i re d  to p la y  handball  a t  l e a s t  th ree  times each week d u r in g  
the t e s t i n g  p e r io d .
LIMITATIONS OF THE STUDY
Pain t o le r a n c e  was one o f  the th ree  r e a c t io n s  o f  the hand which
was observed in t h i s  s tudy .  Al though v a r io u s  s tu d ie s  in d ic a t e d  and
u t i l i z e d  the r e l a t i o n s h i p s  o f  pa in  t o le r a n c e  and pa in  th r e s h o ld ,  pain  
th resho ld  was not o f  concern in t h i s  p a r t i c u l a r  study." Other than 
working on the assumption t h a t  in p l a y i n g  an a c tu a l  handball  game the  
s u b je c t  would e x e r t  optimum e f f o r t  to  re c e iv e  maximum s t r e s s ,  no
a t te m p t  was made to  measure the f o r c e  used to  s t r i k e  the h a n d b a l l .
Because the f o r c e  used to  s t r i k e  the b a l l  could not be measured,  and 
because r e q u i r i n g  t h a t  the b a l l  be s t r u c k  a p re s c r ib e d  number o f  times  
would have been im p r a c t i c a l  in a game s i t u a t i o n ,  the t ime o f  p la y  was 
the  major c o n t r o l l e d  v a r i a b l e .  T e s t in g  c o n d i t io n s  l i m i t e d  the number 
o f  s u b je c ts  in the t e s t i n g  rooms to  two. Temperature  o f  the tem peratu re  
t e s t i n g  room was kept c o n s ta n t  f o r  a l l  t e s t i n g  p er io d s  through the use 
o f  a i r - c o n d i t i o n i n g .  The c o n t r o l  group was asked to  r e f r a i n  from  
s u b je c t in g  the hand to  repeated blows; however,  whether  t h i s  request  
was honored could not be de te rm ine d .
DEFINITION OF TERMS
Terms which were used in t h i s  study and t h e i r  d e f i n i t i o n s ,  as 
they r e la t e d  to  t h i s  s tudy ,  a re  l i s t e d  below:
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S t r e s s : The wear and t e a r  on the body, in the form o f
successive  blows.
Pam.: An a b s t r a c t  concept which r e f e r s  to  a p e r s o n a l ,  p r i v a t e
sen sa t io n  o f  h u r t ,  y i e l d i n g  a p a t t e r n  o f  responses which o p e ra t e  to
2 6
p r o t e c t  the organism from harm.
C l i n i c a l  o r  P a t h o lo g ic a l  P a i n : Pain r e s u l t i n g  from d is e a s e ,
a c c i d e n t ,  o r  means o t h e r  than pa in  which is  d e l i b e r a t e l y  induced f o r
exp e r im en ta l  purposes.
Exper imenta l  P a i n : Pain which is  d e l i b e r a t e l y  induced f o r  the
purpose o f  o b s e r v a t io n  o r  e x p e r im e n t a t io n .
Pain T h re s h o ld : The p o in t  a t  which one begins to  f e e l  pain
27
or  the l e a s t  p e r c e p t i b l e  i n t e n s i t y  o f  pa in .
Pain T o l e r a n c e : The p o in t  o r  i n t e n s i t y  a t  which a s u b je c t  is
a b le  to accept a s t im u lu s  above the pa in  th res h o ld  b e fo re  making a
28
verba l  or an o v e r t  escape response.
Cond i t  i oni ng; Being accustomed to an a c t i v i t y  o r  a s i t u a t i o n  
so t h a t  responses f o l l o w  a c e r t a i n  p a t t e r n .
^ H a n s  S e ly e ,  The S t ress  o f  L i f e  (New York; McGraw H i l l  Book 
C o . , I n c . , 1956) ,  p. 55*
26Ste rn b ack ,  lo c .  c i t .
^ H a r d y ,  W o l f f ,  and G o o d e l l ,  op. c i t . ,  p. 52.
28 S ternback ,  op.  c i t . ,  p. 63.
Swe11i n g : An Inc re ase  o f  hand volume. S w e l l in g  as caused
by s t r e s s  in the form o f  repeated blows was o f  concern in t h i s  study  
ins tead  o f  s w e l l in g  as a r e s u l t  o f  d is e a s e .
CHAPTER I I
REVIEW OF RELATED LITERATURE 
INTRODUCTION
Hand te m p e ra tu re ,  hand volume, and pain  t o l e r a n c e  responses
are  c o n t r o l l e d  by the i n t e g r a l  performance o f  v a r io u s  p h y s i o l o g i c a l ,
p e r s o n a l ,  and env i ronm enta l  f a c t o r s .  The p h y s io lo g ic a l  p a r ts  o f  the
hand a re  bones,  c o n n e c t iv e  t i s s u e s ,  blood v e s s e ls ,  lymphatic  v e s s e ls ,
ne rve s ,  and s k in .  A l l  these components take  p a r t  in hand responses
to  s t i m u l i  o r  s t r e s s .  No p h y s i o l o g i c a l  f u n c t io n  o f  the  organism to
a s t r e s s o r ,  such as e x e r c i s e ,  is  o f  a u n i t a r y  and i n t e g r a l  n a t u r e ,
and the f u n c t i o n  o f  a c e r t a i n  system n e c e s s a r i l y  a f f e c t s  the  f u n c t i o n
o f  many o t h e r  systems, whether  t h i s  in f lu e n c e  be d i r e c t  o r  i n d i r e c t . ^
Al though the hand does not have space f o r  a l a rg e  network o f
a r t e r i e s  and v e i n s ,  the  t i s s u e  o f  the hand is  e x t re m e ly  w e l l  s upp l ie d
2
w i t h  c a p i l l a r i e s .  The w a l l s  o f  the c a p i l l a r i e s  a re  permeable,
a l l o w i n g  blood plasma, which accounts f o r  f i v e  per  cen t  o f  a l l  body
f l u i d ,  and i n t e r s t i t i a l  f l u i d ,  f i f t e e n  per c en t  o f  body f l u i d ,  to  
3
c o n s t a n t l y  mix .  I n t e r s t i t i a l  f l u i d  is  t h a t  f l u i d  which is located
^Herbert  A. de V r i e s ,  Phys io logy  o f  Exerc ise  f o r  Phys ica l  
Educat ion and A t h l e t i c s  (Dubuque, Iowa: W i l l i a m  C. Brown Co.
P u b l i s h e r s ,  1 96 6 ) ,  p.  175.
^J.  D. R a t c l i f f ,  " I  Am J o e 's  Hand," Reader 's  D i g e s t , 102 :81 ,  
Jan u a ry ,  1973.
3 1 b id . ,  p.  177.
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o u t s id e  the  c e l l s .  I t  is  c o n s t a n t l y  combining p r o p e r t i e s  o f  the  
blood and lymph f o r  the purpose o f  a id in g  c e l l u l a r  f u n c t i o n .  Lymph 
is the  f l u i d  o f  the lym p h at ic  system, which f u n c t io n s  to  he lp  r e tu rn  
t i s s u e  f l u i d  from the spaces between the c e l l s  to  the blood from 
which i t  o r i g i n a t e d .  Lymphatic ves se ls  appear to  be much l i k e  veins  
except  t h a t  t h e i r  w a l l s  a r e  t h i n n e r  and they c o n ta in  more v a lv e s  to  
p re v e n t  back f low  o f  the  slow-moving l y m p h . T h e s e  blood vesse ls  and 
lym p h at ics ,  when considered along w i t h  the  h e a r t ,  make up the c i r c u ­
l a t o r y  system.
King and Showers summarized the  work o f  the c i r c u l a t o r y
system;
The c i r c u l a t o r y  s y s t e m . ... serves a s i g n i f i c a n t  r o l e  in the  
mechanics o f  exchange and t r a n s p o r t  o f  blood and lymph and 
prov ides  f o r  the m e ta b o l ic  requirements  o f  a l l  t h e ^ t i s s u e  o f  
the body over  a wide  range o f  p h y s i o l o g i c a l  needs.
Ju s t  as the  c i r c u l a t o r y  system must be considered when hand 
responses a re  examined, so must th e  nervous system. Throughout the  
hand, as in o th e r  body p a r t s ,  th e r e  is a network o f  f r e e  nerve  
endings ,  a ls o  c a l l e d  pa in  t e r m i n a l s ,  which connect w i t h  nerve  f i b e r s  
which a r e  c o l l e c t e d  i n t o  bundles in subcutaneous t i s s u e s .  These 
f i b e r s  c a r r y  impulses to  the  s p in a l  c ord .  In  a d d i t i o n  to  pain  
o r i g i n a t i n g  in the s k in ,  pa in  a ls o  is  e l i c i t e d  from deep somatic
Zf
C h a r l o t t e  M. D i e n h a r t ,  Basic Human Anatomy and Phys io logy  
( P h i l a d e l p h i a :  W. B. Saunders Co . ,  1 967 ) ,  p.  182.
^ I b i d . ,  p. 116.
6Barry  G. King and Mary Jane Showers, Human Anatomy and 
P h ys io lo g y  ( P h i l a d e l p h i a ;  W. B. Saunders C o . ,  1969) ,  p.  273.
and v i s c e r a l  t i s s u e s .  Th is  pa in  impulse o f  deeper o r i g i n  may reach 
the  c e n t r a l  nervous system in  d i f f e r e n t  ways.  These two types o f  
pa in  share some s i m i l a r  c h a r a c t e r i s t i c s  and, a l though the pa in  o f  
deeper  t i s s u e s  was th e  more p e r t i n e n t  pa in  in  t h i s  s tudy ,  i t  was 
recognized t h a t  the q u a l i t y  o f  pa in  o r  the r e f l e x e s  aroused were 
the major  c o n s i d e r a t i o n . ^
Because o f  the  i n t e g r a l  n a tu r e  o f  f u n c t io n s  o f  the  p h y s io lo g ­
i c a l  aspects  o f  the hand, o v e r la p p in g  o f  m a t e r i a l  has been necessary  
a t  t imes when hand responses have been d iscussed .  The remainder o f  
t h i s  d is cu s s io n  o f  r e l a t e d  1 i t e r a t u r e  has been d iv id e d  i n t o  f o u r  
s e c t io n s .  Hand tem pe ra tu re  and the s e le c t e d  s tu d ie s  which r e l a t e  
to  i t  were discussed in  the  f i r s t  s e c t i o n .  T h e i r  common dependence  
upon body f l u i d s  f o r  d e f i n i t e  r e s p o n s i b i l i t i e s  and c h a r a c t e r i s t i c s  
cause hand te m p e ra tu re  and hand volume to  appear somewhat r e l a t e d .  
T h e r e f o r e ,  s tu d ie s  on hand volume have been presented in the  second 
s e c t i o n .  Sec t ion  th r e e  c o n ta in s  a re v iew  o f  s tu d ie s  s e le c t e d  from  
the va s t  s torehouse o f  w r i t i n g  on pa in  and pain  t o l e r a n c e .  The f i n a l  
d i v i s i o n ,  the f o u r t h  s e c t i o n ,  summarized the  rev iew o f  s tu d ie s  p r e ­
sented in the e n t i r e  d is c u s s io n .
STUDIES RELATED TO HAND TEMPERATURE
The s k in  tem p e ra tu re  is de term ined  by v a r io u s  i n t e r n a l ,  p e r s o n a l ,  
and envi ronm enta l  f a c t o r s .  Accord ing to  Barnes,  i t  is  dete rmined by
^James D. Hardy,  Harold G. W o l f f ,  and Helen G o o d e l l ,  Pain  
S ensat ions  and React ions  ( B a l t im o r e :  The W i l l ia m s  and W i l k in s  Co . ,
1 9 5 2 ) ,  pp.  2 5 -2 7 .
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the  f o l l o w i n g  c o n d i t i o n s :
A t  any moment the  s k i n ' s  te m pera tu re  is  de termined by the  
h eat  f l o w  to  i t  from w i t h i n  the  body and by th e  n e t  losses o r  
ga ins  from the s u r fa ce  i t s e l f  caused by c o n d u c t io n ,  c o n v e c t io n ,  
and i n f r a r e d  r a d i a t i o n .  I t  is  s t r o n g l y  in f lu e n c e d  by the  
environment;  i t  is  never  c o n s t a n t ,  and seldom equa ls  t h a t  
measured o r a l l y  o r  r e c t a l 1 y . 8
The nude body can m a in t a in  an almost c o n s tan t  i n t e r n a l  body
te m p e ra tu re ,  even when exposed to  env i ronm enta l  temperatures  v a r y in g
from f i f t y - f i v e  degrees F a h r e n h e i t  to  o n e - h u n d r e d - f i f t y  degrees
9F a h r e n h e i t .  Th is  s ta tem ent  p o in ts  to  the f a c t  t h a t  the body u t i l i z e s  
i t s  resources and systems to  m a in t a in  i n t e r n a l  c o n d i t i o n s  o f  w e l l ­
b e in g .  The hypothalamus serves as the te m p e ra tu re  r e g u l a t i n g  c e n t e r ,  
or  th e rm o sta t  o f  the b o d y . E x a c t l y  what f a c t o r s  a re  invo lved  in  
c o n t r o l l i n g  body tem pe ra tu re  a t  a g iven t im e ,  such as d u r in g  e x e r c i s e ,  
is  not f u l l y  understood.  I n t e r n a l  o r  c ore  te m p era tu re  is  in f lu e n c e d  
by heat  produced by the  m e t a b o l i c  processes .  Skin tem p e ra tu re  fo l lo w s
the envi ronm enta l  te m p e ra tu re ;  however, i n t e r n a l  te m p e ra tu re  can a l t e r
. • *  *  11 sk in  te m p e ra tu re .
Dur ing  e x e r c is e  a c t i v e  muscles g e n era te  more heat  than when
they a re  r e l a t i v e l y  i n a c t i v e  and the  body must r e g u l a t e  a h ig h e r
O
R. Bowling Barnes,  " D e t e r m in a t io n  o f  Body Temperature  by 
I n f r a r e d  Em iss ion ,"  Journal  o f  A p p l ie d  P h y s io lo g y , 2 2 : 1 1 4 3 - 1 1 4 6 ,
June, 1967.
Q
A r t h u r  C. Guyton, Basic Human P h y s io lo g y :  Normal Functions
and Mechanisms o f  Disease  ( P h i l a d e l p h i a : W .  B. Saunders C o . , 1 9 7 1 ) ,  
p. .586.
^ P e r - O l o f  Astrand and Kaare Rodahl ,  Textbook o f  Work 
Phys io logy  (New York:  McGraw H i l l  Book C o . ,  1 97 0 ) ,  p.  509.
*^ d e  V r i e s ,  o p .  c i t . ,  p .  175 .
i n t e r n a l  te m p e ra tu re .  M e ta b o l ic  demands o f  the a c t i v e  t i s s u e
in c re a se  w i t h  a c t i v i t y  and the  c i r c u l a t o r y  system a d ju s t s  t o  h e lp
meet these a d d i t i o n a l  demands by in c re a s in g  the  blood f lo w  to  the
13a re a  o f  g r e a t e r  a c t i v i t y .
The increased blood supply  c a r r i e s  oxygen and n u t r i e n t s  to
] k
the muscle and c a r r i e s  away waste p ro d u c ts ,  but Guyton s ta te d  t h a t  
the p r i n c i p a l  f u n c t i o n  o f  blood f l o w  from i n t e r n a l  body p a r ts  to  the  
s k in  is to  c o n t r o l  body te m p e ra tu re .  Heated blood from w i t h i n  the  
body f lows to  the sk in  to  r e le a s e  e xc ess ive  heat  through r a d i a t i o n ,  
c o n v e c t io n ,  and e v a p o r a t i o n ,  to  he lp  m a in t a in  c o n s tan t  i n t e r n a l  body 
te m p e ra tu re .
The hands a re  im por tan t  ins truments  o f  r e g u l a t i o n  and e l i m i ­
n a t io n  o f  body h e a t .  The s u r fa c e  o f  the  hands re p res e n ts  about 5 
per  cen t  o f  the  body's  e n t i r e  s u r f a c e .  They e l i m i n a t e  about 10 per  
cent o f  produced heat  in a nude in d i v i d u a l  and about 20 per cent  
in a c lo th e d  i n d i v i d u a l . ^
Barnes compared the te m peratu re s  o f  v a r io u s  body sur fa ce s  in 
r e l a t i o n  to  normal env i ronm enta l  te m p e ra tu re — about t h i r t y - t w o  degrees  
c e n t ig r a d e .  He found t h a t  n a t u r a l  body c a v i t i e s ,  i f  deep enough,  
should have h ig h e r  tem peratu res  and be c lo s e r  to  core  tem peratu re  than
12
B. S a l t i n ,  A. P. Gagye and J .  A. J .  S t o l w i j k ,  "Muscle  Temper­
a t u r e  D ur ing  Submaximal E x e rc is e  in  Man," Journal  o f  A p p l ie d  P h y s io lo g y , 
2 5 : 6 7 9 - 6 8 8 ,  December,  1968.
13de V r i e s ,  op.  c i t . ,  p.  113.
, i fGuyton, op. c i t . ,  p.  268.
* ■’As t  ran d  and R o d a h l ,  o p .  c i l . ,  p .  5 2 8 .
f l a t  s u r fa c e s .  Such c a v i t i e s  would be the  e x t e r n a l  a u d i t o r y  canal
and the o r a l  c a v i t y .  That the temperatures  o f  the palms o f  the hands
were h ig h e r  when cupped to g e th e r  than when the  palm was turned upward
in a l e v e l  manner,  r e in f o r c e s  the the ory  t h a t  body s u r face s  which
a l lo w  emission from t h e i r  su r fa ce  through r a d i a t i o n  and p e r s p i r a t i o n
r e f l e c t  lower temperatures  than body c a v i t i e s .  Such f l a t  sur faces
16
in c lu d e  the hand palms, the fo re h e a d ,  and the  eye s u r f a c e .
Gershon-Cohen and o th e rs  a ls o  supported the f a c t  t h a t  the  
tem peratu re  o f  each hand palm, when turned upward,  ranges a p p r o x i ­
m a te ly  2 9 . U to  3 2 .2  degrees c e n t ig r a d e ,  o r  a t o t a l  o f  85 to  90 
degrees F a h r e n h e i t .  When turned toward each o t h e r ,  each palm 
tem peratu re  would be about 3 7 .8  degrees c e n t ig ra d e  or a t o t a l  o f  98.6
degrees F a h r e n h e i t ,  the  same as the  body's  i n t e r n a l  t e m p e r a t u r e . ' ^
18de V r ie s  e x p la in e d  t h a t  heat  p ro d u c t io n  causes v a p o r i z a t i o n ,
c o n v e c t io n ,  o r  sweat ing  and t h a t  f o r  such e v a p o r a t i v e  heat loss to
be e f f e c t i v e ,  cutaneous c i r c u l a t i o n  must be increased so the  c o o l in g
can in f l u e n c e  i n t e r n a l  body te m p e ra tu re .  Th is  same a u t h o r i t y  s ta te d
t h a t  c i r c u l a t o r y  h e a t in g  o r  c o o l in g  is the r e s u l t  o f  r e f l e x  v a s o d i l a t i o n
19or  v a s o c o n s t r i c t i o n  o f  the skin  m i c r o c i r c u l a t i o n .  Guyton noted t h a t  
l a r g e  v a s c u la r  communeiators which hold l a r g e  q u a n t i t i e s  o f  b lood ,  t h a t
Barnes,  lo c .  c i t .
' ^ J .  Gershon-Cohen, Jo Ann D. Haberman-Brueschke,  and Er ich  
El Brueschke,  "M ed ic a l  Thermography: A Summary o f  C u r re n t  S t a t u s , "
The R a d io lo g ic  C l i n i c s  o f  North  A m e r ica , 3 : ^ 0 3 - ^ 3 1 ,  December,  1965.
18de V r i e s ,  op.  c i t . ,  p.  176.
19 Guyton, op.  c i t . ,  pp. 2 6 7 -2 6 8 .
can heat the s k i n ' s  s u r f a c e ,  a re  p r i n c i p a l l y  found in the  hands, f e e t ,
1i p s , nose and e a r s .
Most o f  the reviewed s tu d ie s  on sk in  tem p e ra tu re  upheld de
20
V r i e s '  e x p la n a t io n  o f  the  manner in which sk in  te m p e ra tu re  is
in f lu e n c e d  by blood f l o w i n g  beneath the s k i n ' s  s u r f a c e .  Three such
21 22s tu d ie s  were conducted by Barnes,  W i l l i a m s ,  and M i t c h e l l ,  Wyndham 
23
and Hodgson. However, one study was found which c h a l le n g ed  the
b e l i e f  t h a t  sk in  tem peratu re  changes a r e  made through v a s o c o n s t r i c t i o n
24
or v a s o d i l a t i o n .  In  1954,  Baker and T a y lo r  presented  a study in 
which they used e l e c t r i c a l  sparks and muscular te n s io n  as s t r e s s  
s t i m u l a t i o n  to study r e l a t i o n s h i p s  between sk in  te m p era tu re  changes 
and o th e r  p h y s i o l o g i c a l  changes.  T h e i r  f i n d i n g s  t h a t  v a s o c o n s t r i c t i o n  
was not r e g u l a r l y  produced through s t r e s s  and t h a t  s k in  tem peratu re  
may have increased w i t h o u t  d i l a t i o n  c o n t r a d i c t e d  s ta tem ents  which  
researchers  in t h i s  a rea  u s u a l l y  made. Baker and T a y l o r  a ls o  s t a t e d  
t h a t  a l l  s t r e s s  c o n d i t io n s  r e s u l t  in s i g n i f i c a n t  sk in  tem peratu re  
in c re ases .
20de V r i e s ,  op.  c i t . ,  p.  176.
2 , d iBarnes,  lo c .  c i t .
22 K. Lloyd W i l l i a m s ,  " I n f r a r e d  Thermometry as a Tool in Medica l  
Research ,"  Annals o f  New York Academy o f  S c ie n c e s , 1 2 1 :9 9 -1 1 2 ,  October ,  
1964.
23 D. M i t c h e l l ,  C. H. Wyndham, and T.  Hodgson, " E m i s s i v i t y  and 
T ra n s m i t ta n c e  o f  Excised Human Skin in I t s  Thermal Emission Wave Band,"  
Journal  o f  A pp l ied  P h y s io lo g y , 2 3 : 3 9 0 - 3 9 4 ,  September,  1967-
24
Lawrence M. Baker and W i l l i a m  M. T a y l o r ,  "The R e l a t io n s h i p  
Under S tress  Between Changes in Skin Tem pera ture ,  E l e c t r i c a l  Skin  
Re s is ta n c e ,  and Pulse R a t e , "  Journal  o f  Exper imenta l  Psycho logy . 48:  
36 1 -3 6 6 ,  November, 1954.
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More re cen t  s t u d ie s  support  t h i s  s ta te m e nt  made by W i l l i a m s :
I s o la t e d  sk in  te m pera tu re  readings mean n o th in g ;  s k in  temper­
a t u r e  is not a c o n s ta n t  f i g u r e ,  but a r e f l e c t i o n  o f  a dynamic 
e q u i l i b r i u m  between h e a t  p ro d u c t io n  and heat  l o s s . 2 5
26One such s tudy ,  by Sal t i n ,  Gagye, and S t o l w i j k ,  was pub l ished  in 
1968. I t  presented  te m peratures  o f  the muscles and the s k in ,  which  
were taken a t  t ime i n t e r v a l s .  Muscle te m p e ra tu re s ,  a t  a l l  depths  
increased r a p i d l y  when e x e r c is e  was f i r s t  begun and l e v e le d  o f f  
w i t h i n  ten to  tw en ty - tw o  m inutes .  Dur ing  the  f i r s t  ten minutes o f  
e x e r c i s e ,  s k in  tem pera tu re  s lo w ly  dropped a p p ro x im a te ly  two degrees  
c e n t ig r a d e .  Average sk in  te m pera tu re  d u r in g  e x e r c is e  was u s u a l l y  
one degree c e n t ig r a d e  lower than the sk in  te m pera tu re  over  the  
a c t i v e  muscle.
In reverse  o f  the p r i n c i p l e  o f  blood f lo w  i n f l u e n c i n g  sk in
27
tem p e ra tu re ,  A l l e n  and Hines presented the  use o f  s k in  tem peratu re  
as an i n d i r e c t  method o f  s tu d y in g  c i r c u l a t i o n  o f  the e x t r e m i t i e s .
They tagged t h i s  method o f  c i r c u l a t o r y  study as being crude,  but  
usefu l  in d e te r m in in g  the amount o f  blood f l o w  to  the  s k in .
Great s t r i d e s  have been made in methods and d ev ices  f o r  
measuring s k in  and i n t e r n a l  te m p e ra tu re .  The c o n t r a s t  is c l e a r  
when the o r i g i n a l  c l i n i c a l  method o f  e s t im a t i n g  any type  o f  human 
te m p e ra tu re ,  touching s u r fa c e  areas  o f  the  body, is  compared w i t h
25
W i l l i a m s ,  lo c .  c i t .
26 S a l t i n ,  Gagye, and S t o l w i j k ,  lo c .  c i t .
27Edgar A l l e n  and Barker  H in e s ,  P e r ip h e r a l  D is e a s e s . 
( P h i l a d e l p h i a :  W. B. Saunders C o . ,  19^7) ,  pp. 99 _ 104.  ’
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thermography, the study o f  te m p e ra tu re  p a t t e r n s  from p i c t o r a l  records .
The former method produced no t r u e  tem p era tu re  read ing ;  the  l a t t e r
method shows numerous tem pe ra tu res  in one p i c t u r e .
29
Boas conducted a s tudy  in which he used thermographic
instruments  to  d iagnose rheumatoid a r t h r i t i s .  In  t h i s  study he
found ev idence  o f  b i l a t e r a l  asymmetry o f  s k in  tem peratu re  o f  p a i re d
body p a r t s .  Th is  in d i c a t e s  the v a lu e  o f  comparing sk in  temperatures
o f  symmetrical  p a r t s  o f  the  body. A d i f f e r e n c e  o f  one degree c e n t ig ra d e
may be s i g n i f i c a n t  and a d i f f e r e n c e  o f  two degrees c e n t ig r a d e  in d ic a t e s
a s i g n i f i c a n t  d i f f e r e n c e  in c i r c u l a t i o n  c o n d i t i o n s .  Comparison of
sk in  temperatures  o f  symmetr ical  body p a r t s  has v a lu e  in the d e t e c t io n
and p ro g re s s iv e  e v a l u a t i o n  o f  d is ea s es  such as v a s c u la r  a b n o r m a l i t i e s ,
30
m a l ig n a n c ie s ,  and Hansen's D is ea s e .
Research s tu d ie s  have used v a r i e d  wel l -known d e v ice s  to  
measure sk in  te m p e ra tu re .  From these  f a m i l i a r  d e v ic es  o th e r s  have
31been adapted f o r  use in o t h e r  s t u d i e s .  S t o l l  concluded t h a t  c o n ta c t  
instruments  would be adequate f o r  h e a t  t r a n s f e r  s tu d ie s  in n o n ra d ian t
T r a v i s  Winsor and Jesus Bendezu, "Thermography and the  
P e r ip h e r a l  C i r c u l a t i o n . "  Annals o f  New York Academy o f  S c ie n c e s . 
121 :1 3 5 -15 8 ,  October,  196*f.
29 Norman F. Boas, "Thermography in Rheumatoid A r t h r i t i s , "  
Annals o f  New York Academy o f  S c ie n c e s , 1 21 :2 2 3 - 2 3 ^ ,  October,  1964.
30 Thomas B. Sab in ,  " T e m p era tu re -L in k e d  Sensory Loss: A 
Unique P a t t e r n  in L eprosy ,"  A rc h ive s  o f  N e u ro lo g y , 2 0 : 2 5 7 - 2 6 2 ,  
March, 1969.
31 A l i c e  M. S t o l l ,  "Techniques  and Uses o f  Skin Temperature  
Measurements ." Annals o f  New York Academy o f  S c ie n c e s , 1 2 1 :4 9 -5 5 ,  
October,  1964.
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and s t i l l - a i r  surroundings o r  under c l o t h i n g ;  However, in s tu d ie s  
which demand more accuracy ,  as in s tu d ie s  o f  sens a t ion  and o f  prop­
e r t i e s  o f  the s k i n ,  r a d io m e t r i c  methods a r e  p r e s c r ib e d .  The
ra d io m e te r  measures s k in  tem peratu re  by measuring the  r a d ia n t
32
energy  which is e m i t te d  by the body. A more d e t a i l e d  d e s c r i p t i o n  
o f  one such rad io m e te r  has been presented l a t e r  in the  s tudy .
STUDIES RELATED TO HAND VOLUME
The volume o f  any p a r t  o f  the human body . is  dete rmined by 
the t i s s u e s  which occupy and f u n c t io n  w i t h i n  t h a t  p a r t i c u l a r  p a r t .  
T h e r e f o r e ,  the volume o f  the hand depends upon the  bones,  c o n n e c t iv e  
t i s s u e s ,  and p a r ts  o f  the c i r c u l a t o r y  system, as w e l l  as t h e i r  
performances.  Changes, such as s w e l l in g  o r  in c rea se  in hand volume 
would,  t h e r e f o r e ,  be the  r e s u l t s  o f  v a r i a t i o n s  in t i s s u e  f u n c t i o n .
Edema is a c l i n i c a l  term which r e f e r s  to one type o f  s w e l l i n g
33o f  body p a r t s .  Edema, a l though r e f e r r e d  to  by McDowall as be ing
produced in the  f e e t ,  to  a m i ld  de g ree ,  by s im ple  s ta n d in g ,  is  in
most r e fe re n c e s  r e l a t e d  to  an e xc e ss iv e  f u n c t i o n  or  m a l f u n c t io n  o f
34
the body. D ie n h a r t  d e f in e d  edema as an expansion o f  the volume o f  
the i n t e r s t i t i a l  f l u i d  volume, and increased p e r m e a b i l i t y  o f  c a p i l ­
l a r i e s ,  which a l lo w s  excess f l u i d  to lea k  out  i n t o  the b lood .  The same
32 R. Bowling Barnes,  "Thermography,"  Annals o f  New York  
Academy o f  S c ie n c e s , 1 2 1 :3 4 -4 8 ,  October ,  196^f.
33 R. J .  S. McDowall ,  Handbook o f  P hys io logy  and B ioc hem is t ry  
( P h i l a d e l p h i a :  B la k is t o n  Co." 195 1 ) ,  P- 1&3.
34
D i e n h a r t ,  op. c i t . ,  pp.  182-183.
23
w r i t e r ' s  e x p l a n a t i o n  cont inued to  p o i n t  o u t  t h a t  some causes o f  these
changes could be severe  burns,  b a c t e r i a l  po isons ,  l a c k  o f  c e r t a i n
35v i t a m i n s ,  k idney  d is e a s e ,  o r  h e a r t  d is e a s e .  Thorn s ta te d  t h a t  the
presence o f  edema in d i c a t e s  an in c re a se  o f  e x t r a c e l l u l a r  f l u i d  (plasma
and i n t e r s t i t i a l  f l u i d )  and sodium and c h l o r i d e .
36
King and Showers a ls o  mentioned s a l t  r e t e n t i o n  in t h e i r  
d is cu s s io n  o f  edema and added t h a t  edema is  s w e l l in g  and p u f f in e s s  
where s a l t  and w a te r  a r e  s h i f t e d  in e x c e s s iv e  q u a n t i t i e s  to  i n t r a ­
c e l l u l a r  spaces.  They l i s t e d  f o u r  p o s s ib le  causes o f  edema: s t r i c t l y
lo c a l  s w e l l i n g ,  as in a b r u i s e ;  c o n d i t i o n s  as s o c ia te d  w i t h  pregnancy;  
a d m i n i s t r a t i o n  o f  a n t i d i u r e t i c  hormones; and, changes in the perme­
a b i l i t y  o f  c a p i l l a r y  w a l l s .
No p hys io logy  o r  e x p e r im e n ta l  s tu d ie s  were found which
37discussed edema in r e l a t i o n  to  repea ted  blows.  Even McDowall used 
edema in te rc h a n g e a b ly  w i t h  d ropsy ,  a term w hich ,  by d e f i n i t i o n ,  
im p l ie s  an abnormal accumula t ion  o f  f l u i d s  o f  the  body. Because 
the  l i t e r a t u r e  d id  not i n d i c a t e  t h a t  in c re a s e  in hand volume, as a 
r e s u l t  o f  increased muscular a c t i v i t y  o r  repeated  blows,  is  c l a s s i f i e d  
as edema, t h i s  s tudy  concerned increased  hand volume or  s w e l l i n g ,  and 
not edema.
OC
George W. Thorn ,  "Approach to  the  P a t i e n t  w i t h  ‘ I d i o p a t h i c  
Edema' o r  ' P e r i o d i c  S w e l l i n g , " '  Journa l  o f  American Medica l  A s s o c i a t i o n , 
2 0 6 : 3 3 3 - 3 3 8 ,  October ,  1968.
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King and Showers,  op.  c i t . ,  p.  319 .
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M c D o w a l l ,  o p .  c i t . ,  p .  1 6 3 .
Changes in s i z e ,  shape,  and volume a re  immediate e f f e c t s  o f
38
e x e r c is e  upon a c t i v e  muscles.  Increased a c t i v i t y  o f  the c i r c u l a t o r y
system r e s u l t s  in increased f lo w  and volume o f  blood and lymph. I t
f o l lo w s  t h a t  increase  in muscle volume r e s u l t s  in increased hand volume 
39McDowall l i s t e d  mental  s t r e s s ,  muscular  e x e r c i s e ,  and high  
temperature  as c o n d i t io n s  which cause n o t a b le  inc rea se  in c i r c u l a t i n g  
blood volume, de V r ie s  expounded on the muscular a c t i v i t y  f a c t o r  to  
d i f f e r e n t i a t e  between two types o f  a c t i v i t y .  In both l i g h t  a c t i v i t y  
and heavy a c t i v i t y  th e re  is a temporary inc re ase  o f  blood f l o w  to the  
a c t i v e  muscles.  In l i g h t  rhythmic  a c t i v i t y  the blood f lo w  increases  
d u r ing  the a c tu a l  a c t i v i t y .  In heavy r e s i s t a n c e  a c t i v i t y ,  such as
kO
w e i g h t l i f t i n g ,  the volume inc re ase s  imm edia te ly  a f t e r  the e x e r c i s e .
Under r e s t in g  c o n d i t io n s  the  f l o w  o f  lymph can be increased
41
as much as th r e e  to  fo u r t e e n  t imes more than normal.  The increased  
lymph f lo w  is  a ss o c ia te d  w i t h  the increased blood f l o w .  These fo u r
42
causes o f  lymph f l o w ,  as s ta te d  by McDowall ,  i n d i c a t e  t h i s  a s s o c i ­
a t i o n :  (1 )  a r i s e  o f  a r t e r i a l  p ressure  which r a is e s  c a p i l l a r y  p ressure
(2 )  a d i a l a t i o n  o f  c a p i l l a r i e s  which become more permeable;  (3 )  a 
breakdown o f  substances w i t h  l a rg e  m o lec u le s ,  such as g lucose ,  i n to  
s m a l le r  substances which have many more and s m a l l e r  molecules  which  
increase  the osmotic  p ressure  o f  the t i s s u e  and cause them to  absorb
oQ
de V r i e s ,  op. c i t . ,  p. 175-
39 iMcDowall,  op. c i t . ,  p. 47 .
^ d e  V r i e s ,  lo c .  c i t .  ^ G u y t o n ,  op.  c i t . ,  p. 189-
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w a t e r ;  and, { k )  w a te r  is  produced by the combustion o f  c arbohydra tes  
and f a t s .
As s ta te d  e a r l i e r ,  in the d is c u s s io n  o f  te m p e ra tu re ,  increased
muscular a c t i v i t y  demands increased p ro d u c t io n  from the  c i r c u l a t o r y
system. In response,  t h i s  system uses the h e a r t ,  blood v e s s e ls ,  and
lymphatics  to p ro v id e  more oxygen and n u t r i e n t s  to  the a c t i v e  p a r t s ;
to  c a r r y  away the  g r e a t e r  q u a n t i t i e s  o f  carbon d i o x i d e  and waste
43
products ;  and, to  m a in t a in  i n t e r n a l  env i ronm ent .  No s tu d ie s  which  
examined responses to  repeated  blows were found.
Measurement o f  hand volume is  a r e l a t i v e l y  new u n d e r ta k in g .
The method which is best  known measures hand volume by measuring the  
amount o f  w a te r  the hand d is p la c e s  when immersed in a c o n t a i n e r  o f  
w a te r  which has been designed s p e c i f i c a l l y  f o r  volume measurement.
STUDIES RELATED TO PAIN TOLERANCE
L e x ic o g ra p h ers ,  p h i lo s o p h e r s ,  and s c i e n t i s t s  have not been 
a b le  to  f o r m u la t e  a d e f i n i t i o n  f o r  the  personal  sense o f  p a in .  Work 
done on pa in  b e fo re  the  l a s t  two decades has been done on the bas is  
t h a t  pa in  is always the  same w i t h  v a r i a t i o n s  o n ly  in i n t e n s i t y  and
44d u r a t i o n .  W i th in  re c e n t  y e a r s ,  a l though  a s i n g l e  d e f i n i t i o n  
a p p l i c a b l e  to  a l l  s i t u a t i o n s  s t i l l  has not been d e te rm in e d ,  a t t e n t i o n  
has been turned from d e f i n i n g  pa in  to  ob serv in g  and measuring
43
King and Showers,  op. c i t . ,  p. 273.
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Henry K. Beecher ,  "The Measurement o f  P a i n , "  PharmacoIoqi  caI  
Reviews, 9 : 5 9 - 2 0 9 ,  March,  1957.
pain  as b e h av io r  a t  l e v e l s  v a r y in g  from c e l l u l a r  to  i n d i v i d u a l  
45r e a c t i o n s .
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Sternbach presented t h i s  s e t  o f  responses through which  
pain  can be observed: (1 )  v e r b a l ;  ( 2 )  o v e r t  b o d i l y  responses;
(3 )  p h y s i o l o g i c a l ;  (4 )  n e u r o l o g ic a l ;  and,  ( 5 )  a f f e c t i v e .  Verbal  
responses a re  s e l f - e x p l a n a t o r y  because they  a re  a u d i b le  and e a s i l y  
understood.  Over t  b o d i l y  responses,  such as w r i t h i n g  and w i th d r a w in g ,  
are  observed w i t h o u t  c o m p l ic a t io n s .  P h y s i o l o g i c a l  responses in t ro d u c e  
such f a c t o r s  as tem peratu re  change and r e q u i r e  c l i n i c a l  d e v ic e s  f o r  
a cc u ra te  o b s e r v a t io n  and measurement. N e u r o lo g ic a l  r e f e r s  to  changes 
in the  nervous system. The s u b j e c t i v e ,  e m o t io n a l ,  phenomenal e x p e r ie n c e  
o f  pain  is r e f e r r e d  to  by the  term a f f e c t i v e .
These responses can be observed as r e s u l t s  o f  c l i n i c a l  o r  
exp e r im en ta l  p a in .  C o n f l i c t i n g  o p in io n s  on which o f  these two types  
o f  o b s e r v a t io n  s i t u a t i o n s  prov ides  the  most u s e fu l  in fo r m a t io n  have 
a r i s e n .  In essence,  some i n d i v i d u a l s  r e f u t e  o b s e r v a t io n s  o f  e x p e r i ­
mental  pain  because i t  is  a r t i f i c i a l l y  produced and c o n t r o l l e d .  On 
the  o th e r  hand, the c o n t r o l  f a c t o r  is  one f a c t o r  which could make 
e xp e r im en ta l  s i t u a t i o n s  p r e f e r a b l e  to  c l i n i c a l  s i t u a t i o n s .  Each 
s id e  seems to have arguments o f  m e r i t ;  l i k e w i s e ,  each type  o f  s tudy ,  
c l i n i c a l  and e x p e r i m e n t a l ,  can produce v a l u a b l e  r e s u l t s .
S te rnback ,  P a in :  A P s y c h o p h y s io lo q ic a 1 A n a ly s is
Press ,  1 968 ) ,  p.  3.
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Pain t o l e r a n c e  is one aspect  o f  pa in  which is  o f  i n t e r e s t  
47
to  re s e a rc h e rs .  P e t r i e ,  in 1967» re p o r ted  t h a t  b e fo re  t h a t  t im e ,
l i t t l e  was known about pa in  t o l e r a n c e  because th e r e  was no means o f
i n v e s t i g a t i o n  and no r e l i a b l e  ways o f  t e s t i n g  and measuring p a in .
Since t e s t i n g  dev ices  and methods have improved, i n v e s t i g a t o r s  have
r e a l i z e d  t h a t  f i n d i n g  one 's  pa in  t o l e r a n c e  l e v e l  is a com pl ica ted
m a t t e r ,  dependent upon many v a r i a b l e s .  These v a r i a b l e s  may be
in h e re n t  w i t h i n  the s u b j e c t ,  due to  h is  e x t e r n a l  env i ronm ent ,  or
presented by t e s t i n g  c o n d i t i o n s .
In  examining why pa in  t o l e r a n c e  v a r i e s ,  P e t r i e ,  C o l l i n s ,
48
and Solomon po in ted  out  t h a t  d i f f e r e n c e s  in t o l e r a n c e  f o r  pa in
are  p a r a l l e l e d  by d i f f e r e n c e s  in p e r c e p t io n  o f  p a in .  B l i t z ,
49
D i n n e r s t e i n ,  and Lowenthal  examined the  r e l a t i o n s h i p  o f  pain  
t o le r a n c e  and k i n e s t h e t i c  s i z e  judgment.  They found t h a t  s u b je c ts  
w i t h  low pa in  t o l e r a n c e  l e v e l s  had a tendency to  make l a r g e r  
k i n e s t h e t i c  s i z e  judgments than s u b je c ts  w i t h  h igh  l e v e l s  o f  pa in  
t o l e r a n c e .  P e t r ie " ’ 0 made her e x p l a n a t i o n  o f  i n d i v i d u a l  d i f f e r e n c e s  
v i v i d  w i th  exam inat ions  and examples o f  re d u c e rs ,  augmenters,  and
^ A s e n a t h  P e t r i e ,  I n d i v i d u a l i t y  in Pain  and S u f f e r i n g  (Ch icago:  
U n i v e r s i t y  o f  Chicago Press"] 1967 ) ,  p.  25.
£ . 0
Asenath P e t r i e ,  W a l t e r  C o l l i n s ,  and P h i l i p  Solomon, "The  
T o le ran c e  f o r  Pain and f o r  Sensory D e p r i v a t i o n , "  The American Journal  
o f  Psychology , 7 3 : 8 0 - 9 0 ,  March,  I 9 6 0 .
^ B e r n a r d  B l i t z ,  A l b e r t  J.  D i n n e r s t e i n ,  and M i l t o n  Lowenthal ,  
" R e l a t i o n s h i p  between Pain T o le ran c e  and K i n e s t h e t i c  S iz e  Judgment,"  
P erc e p tu a l  and Motor S k i l l s ,  2 2 : 4 6 3 - 4 6 9 ,  A p r i l ,  1966.
■ ^ P e t r i e ,  I n d i v i d u a l i t y  in Pain  and S u f f e r i n g , p.  1.
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moderates .  She i d e n t i f i e d  reducers as persons who tend to  reduce 
p erce ived  p a in .  Augmenters,  on the  o t h e r  hand, tend to  augment 
o r  increase  pe rce ived  p a in .  The moderates n e i t h e r  reduce nor  
augment p a in .
Environmental  f a c t o r s ,  such as e t h n i c  and c u l t u r a l  background,
group l o y a l t i e s  and c o m p e t i t io n ,  and degree o f  p a r t i c i p a t i o n  in
p h ys ic a l  e d u c a t io n ,  can i n f lu e n c e  pa in  t o l e r a n c e .  T o le ran ce  o f  pain
can be determined by c u l t u r a l l y  in g ra in e d  a t t i t u d e s .  In some
c u l t u r e s ,  pain  is expected and acc epted ,  and n o th ing  is done to
p revent  a n t i c i p a t e d  p a in .  In o t h e r  c u l t u r e s ,  a n t i c i p a t e d  pa in  might
not be considered necessary and len g th y  measures may be taken to  
51 52r e l i e v e  p a in .  Beecher p o in te d  out  t h a t  w h i l e  such f a c t o r s  as
l i f e  h i s t o r y  cannot be c o n t r o l l e d ,  they can be recognized and considered
53in exp er im en ta l  s t u d ie s .  Lambert ,  Libman, and Poser used Jewish and
non-Jewish s u b je c t  groups to  prove t h a t  i n d i v i d u a l s  who belong to  a
group, e s p e c i a l l y  a m i n o r i t y  group, can increase  t h e i r  pa in  to le r a n c e
i f  t h a t  p a r t i c u l a r  group l o y a l t y  is  c h a l le n g e d .  Th is  was p a r t i a l l y
a t t r i b u t e d  to  the in f lu e n c e  o f  c o m p e t i t i v e  e lements  on pa in  t o l e r a n c e .
5 4
Ryan and Kovacic conducted a study to de te rm ine  r e l a t i o n s h i p s  
o f  pa in  th res h o ld  and pain  t o l e r a n c e  o f  c o n ta c t  a t h l e t e s ,  n o n -c o n tac t
51 E. Dean Ryan and C har les  R. Kovac ic ,  ,rPain  T o le ranc e  and 
A t h l e t i c  P a r t i c i p a t i o n , 1' P e rc e p tu a l  and Motor S k i l l s , 2 2 ; 3 8 3 “ 390,
Apr i 1, 1966.
52 Beecher,  loc .  c i t .
"^Wal lace  W. Lambert ,  Eva Libman, and Ernest  G. Poser,  "The  
E f f e c t  o f  Increased S a l ie n c e  o f  a Membership Group on Pain T o l e r a n c e ,"  
Journal  o f  P e r s o n a l i t y , 2 8 : 3 5 0 - 3 5 7 ,  September,  i 960.
5^ Ryan and Kovac i c , 1o c . c i t .
a t h l e t e s ,  and n o n - a t h l e t e s .  They found c o n ta c t  a t h l e t e s ,  somewhat
re ducers ,  t o l e r a t e  the most p a in .  N on-contac t  a t h l e t e s  t o l e r a t e
less pa in  than c o n ta c t  a t h l e t e s ,  but more than n o n - a t h l e t e s .  These
55same re sea rch e rs  agreed w i t h  Beecher in the  b e l i e f  t h a t  a f t e r
numerous exposures to  a given s i t u a t i o n ,  some degree  o f  c o n d i t i o n i n g
takes  p la ce  and the response could be a l t e r e d .  In  a study which
compared the pa in  th re s h o ld  and pa in  t o l e r a n c e  o f  high and low
56s t r e n g t h  i n d i v i d u a l s  in r e l a t i o n  to  f a t i g u e ,  Moore found t h a t  arm 
f a t i g u e  lowers both pain th re s h o ld  and pa in  t o l e r a n c e  and t h a t  
s t r o n g e r  i n d i v i d u a l s  t o l e r a t e  more p a in .  He a ls o  found t h a t  i n ­
creases in s t r e n g t h  which r e s u l t  from a s h o r t  t r a i n i n g  program 
e le v a t e d  pa in  t o l e r a n c e  l e v e l .  Hardy,  W o l f f ,  and Goode 11"^ observed  
t h a t  d u r in g  one s tudy ,  the most obvious change over  a p e r io d  o f  
months was t h a t  the responses to  p a i n f u l  s t i m u l i  became o f  l e s s e r  
and l e s s e r  magnitude.
In an e f f o r t  to d is c o v e r  why in e a r l i e r  s tu d ie s  C l a r k  and
58 59Bindra  and Gel fand had found c o n f l i c t i n g  in fo r m a t io n  on pain  
55 Beecher,  lo c .  c i t .
James L. Moore,  " E f f e c t s  o f  S e le c te d  P h y s io lo g ic a l  Fa c tors  
Upon Pain Thresho ld  and Pain T o le ra n c e  in C o l le g e  Males" (unpublished  
D o c to ra l  d i s s e r t a t i o n ,  Lo u is ia n a  S t a t e  Uni v e r s i t y ,  Baton Rouge, 1971)
Hardy,  W o l f f ,  and G o o d e l l ,  op.  c i t . ,  p. 272.
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to le r a n c e  and pa in  th r e s h o ld ,  Gel fand^0 concluded t h a t  e x p e r im e n ta l  
pa in  to le r a n c e  can be manipula ted by t e s t i n g  procedures such as 
i n s t r u c t i o n s  given or  type o f  equipment .  Reactions o f  the e x p e r i ­
menter to  the performance o f  the s u b je c t  can a l t e r  response o f  the  
61
s u b j e c t .  Lack o f  c o n t ro l  o f  s t i m u l a t i o n  to  a t t e n t i o n a l  processes  
o f  the s u b j e c t ,  such as movement d i s t r a c t i o n ,  in te n s e  a u d i t o r y
s t i m u l a t i o n ,  and s t rong  m o t iv a t io n a l  s u g g e s t io n s ,  can a l t e r  the
62s u b j e c t ' s  performance. Onlookers a t  the  t ime and p la c e  o f  t e s t i n g
g o
can in f lu e n c e  the  r e s u l t s  o f  the t e s t .
Researchers were found to  d is a g r e e  on what methods and d e v ices  
proved best  f o r  i n f l i c t i n g  and measuring e x p e r im e n ta l  p a i n .  Hardy,
6kW o l f f ,  and Goodell e s t a b l i s h e d  the th e o ry  t h a t  an adequate pa in  
s t im u lus  has to  cause some t i s s u e  damage. B e e c h e r ^  r e f u t e d  t h i s  
t h e o ry ,  and ma in ta ined  the b e l i e f  t h a t  pain  can e x i s t  w i t h o u t  t i s s u e  
damage. In the  midst o f  t h i s  major and o t h e r  minor d i f f e r e n c e s  o f  
o p in io n ,  i t  was g e n e r a l l y  found t h a t  the  f o u r  techn iques  f o r  induc ing
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exp e r im en ta l  pa in  f o r  measurement a r e  as f o l l o w s :  ( l )  th e rm a l ;
(2 )  e l e c t r i c a l ;  (3 )  mechanical ;  and,  (4 )  chem ica l .
Most s tu d ie s  on pa in  have used the  thermal method o f  p roduc ing
66
p a in .  Hardy, W o l f f ,  and Goodell  d i r e c t e d  the rays from a bulb  of  
high w at tage  through a lens which condensed the rays and c o n c e n tra te d  
them on an area  o f  s k in .  Th is  d e v ic e  produced the f i r s t  measurable  
s t im u lus  f o r  p a in ,  the d o l o r i m e t e r  and the dol  s c a l e .  A l though many 
researchers  who used the thermal  method developed some v a r i a t i o n  o f  
t h i s  d o l o r i m e t e r ,  some o th e r  dev ices  a r e  a ls o  known. One such d e v ic e ,
the Burd ick  UT-1 U l t r a s o n i c  Therapy U n i t *  which produces son ic  energy ,
67 68was used by Ge l fand .  Davidson and McDougall re por te d  on the co ld
pressor  method o f  i n f l i c t i n g  pa in  through extreme c o l d .  The s u b j e c t ' s  
hand was held in a tank  o f  t h i r t y - f i v e  degree  c e n t ig r a d e  w a t e r  f o r  
two minutes and then submerged in a tank  o f  two to  f o u r  degrees c e n t ig r a d e  
w a te r  u n t i l  the  s u b je c t  in d ic a t e d  t h a t  she could t o l e r a t e  no more p a in .
Few v a r i a t i o n s  o f  the e l e c t r i c a l  method o f  s t i m u l a t i o n  were  
found. G e n e r a l ly ,  e l e c t r i c  shock s t i m u l a t o r s  c o n s i s t  o f  small  e l e c t ­
rodes which a re  mounted to  the  s p e c i f i e d  s k in  s u r fa c e  a r e a ,  u s u a l l y
66
J .  D. Hardy,  H. G. W o l f f ,  and H. G o o d e l l ,  " S t u d ie s  on P a in :
A New Method f o r  Measuring Pain  Thresho ld :  Observat ions  on the S p a t i a l
Summation o f  P a i n , "  Journal  o f  C l i n i c a l  I n v e s t i g a t i o n , 1 9 : 6 ^ 9 -6 6 0 ,  
July-N ovember,  19^+0.
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Pain T h re s h o ld , "  lo c .  c i t .
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P. 0.  Davidson and C. Evalyne A. McDougall ,  "The G e n e r a l i t y  
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the f i n g e r s .  The i n t e n s i t y  o f  the shock is  increased in small  s te p s .
Th is  method was d e scr ib ed  by B l i t z ,  D i n n e r s t e i n ,  and Lowenthal and
Davidson and M cD o u g a l l ,^ 0 among o t h e r s .
Poser^ '  deve loped the  mechanical  d e v ic e  f o r  a p p ly in g  p re s s u re ,
which has been the p a t t e r n  f o r  o t h e r  d e v ic e s .  One such d e v ic e  was the
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gross p ressure  s t i m u l a t o r  which Ryan and Kovacic  adapted to  use on 
the leg .  P o s e r 's  d e v ic e  c o n s is te d  o f  a c l i n i c a l  sphygmomanometer w i t h  
a pressure  gauge. A p l a t e  w i t h  small  p r o j e c t i o n s  was sewn i n t o  the  
c u f f  and f i t t e d  onto the  arm. A i r  from a p re ss ure  tank  was used to  
i n f l a t e  the c u f f  a t  a s teady  r a t e .  Other  re sea rchers  who used P o se r 's
73method o f  i n f l i c t i n g  and measuring e xp e r im e n ta l  pa in  were Moore,
74 75
D a n i e l s ,  and Evans and McGlashan. Other  mechanical  methods, such
as the d i s t e n t i o n  o f  the  lower esophagus w i t h  a b a l lo o n ,  as discussed
7 6
by Davidson and McDougal l ,  a re  a v a i l a b l e ,  but they  a re  not as w id e ly  
used as P o s e r 's  method.
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Chemical  pa in  inducement is  the l e a s t  used o f  the fo u r  methods.
The m o d i f ie d  s a l i n e  te c h n iq u e ,  in which i n j e c t i o n s  a re  a d m in is te re d ,
77 78
was d iscussed by Davidson and McDougall .  Hardy,  W o l f f ,  and Goodell
re p o r te d  on pa in  o f  the  g a s t r i c  and i n t e s t i n a l  mucosa be ing induced
by ch em ica ls .
79C l a r k  and B indra  compared the  r e s u l t s  o f  m echan ic a l ,  th e rm a l ,
and e l e c t r i c a l  s t i m u l i  and found s i g n i f i c a n t  i n t e r c o r r e l a t i o n s  between
the  th r e e  methods w i t h  h ig h e r  c o r r e l a t i o n s  f o r  pa in  t o l e r a n c e  than f o r
80
pa in  th r e s h o ld .  However, Gelfand cha l lenged  the  r e s u l t s  o f  th is
study because the re se archers  were pe rm is s ive  in t h e i r  a t t i t u d e  w h i l e
conduct ing  the s tudy .  In an o th er  study which compared the cold  pressor
method, a r a d i a n t  heat  method, a p ressure  method, and an e l e c t r i c  shock
81
method, Davidson and McDougall found no c o n s is t e n t  g e n e r a l i z a t i o n  o f  
pa in  t o l e r a n c e .
SUMMARY OF RELATED LITERATURE
The r e p o r t  on the 1i t e r a t u r e  which was s tu d ie d  was d iv id e d  i n t o  
f o u r  s e c t i o n s .  The f i r s t  s e c t io n  c o n ta in ed  an overv iew  o f  how the  
v a r io u s  processes and f u n c t i o n s  o f  the hand a r e  i n t e r r e l a t e d .
^ H a r d y ,  W o l f f ,  and G o o d e l l ,  " S tu d ie s  on P a in :  A New Method
f o r  M e a su r in g ,"  lo c .  c i t .
79 C l a r k  and B in d ra ,  lo c .  c i t .
80 G el fan d ,  "The R e l a t io n s h i p  o f  Exper imenta l  Pain To lerancu  
t o  Pain  T h r e s h o ld , "  lo c .  c i t .
8 1Davidson and McDougal1, lo c .  c i t .
P h y s i o l o g i c a l ,  p e r s o n a l ,  and env i ronm enta l  f a c t o r s  must be considered  
when hand responses a r e  observed.  The two major  p h y s i o l o g i c a l  f a c t o r s  
i n f l u e n c i n g  hand response a re  the c i r c u l a t o r y  system and the nervous  
system. At t h i s  p o in t  t h e i r  fu n c t io n s  a r e  b r i e f l y  in t roduced  f o r  
f u r t h e r  d is cu s s io n  in o t h e r  s e c t i o n s .  D iscuss ion  o f  personal and 
env i ronm enta l  f a c t o r s  is  g iven in r e l a t i o n  to  the s p e c i f i c  response.
S ec t io n  two r e l a t e d  the  l i t e r a t u r e  f i n d i n g s  on hand temper­
a t u r e .  S tud ies  on s k in  tem peratu re  reve a l  t h a t  the s k in  serves as 
an o u t l e t  through which body processes ,  such as blood f l o w ,  e l i m i n a t e  
excess heat  to  m a in t a in  a co n stan t  i n t e r n a l  t e m p e ra tu re .  T h is  heat  
e l i m i n a t i o n  takes p la c e  in the  form o f  e v a p o r a t i o n ,  c o n v e c t io n ,  and 
r a d i a t i o n ,  w i t h  the hands be ing  the  v e h i c l e  o f  10-20  per cen t  o f  
heat  e l i m i n a t i o n .  S t u d i e s ,compared s k in  tem pe ra tu re  a t  d i f f e r e n t  
p o in ts  on the body and how e x e r c is e  can in f l u e n c e  these tem pera tu res .  
Devices  f o r  measuring s k in  tem pera tu re  have advanced from s imple  
e s t im a t i o n  to  a cc u ra te  r a d io m e t r i c  d ev ices  which a re  used today.
S tud ie s  r e l a t e d  to  hand volume and i t s  r e l a t e d  f a c t o r s  were  
discussed in s e c t io n  t h r e e .  Var ious sources were c i t e d  f o r  re fe re n c e  
to  the d i s t i n c t i o n  between s w e l l in g  as i t  is  considered  in t h i s  study  
and edema. The l i t e r a t u r e  re ve a le d  t h a t  e x e r c i s e ,  tem pe ra tu re  change,  
c i r c u l a t o r y  v a r i a t i o n s ,  and mental  s t r e s s  a re  p r im ary  in f lu e n c e s  on 
hand volume. Measur ing hand volume is  a r e l a t i v e l y  new procedure  
which is  p r i m a r i l y  done through w a t e r  d is p la c em e n t .
The many s tu d ie s  on pa in  and pa in  t o l e r a n c e  were discussed in 
s e c t io n  f o u r .  One's p e r c e p t io n  o f  pa in  can depend on environmenta l  
f a c t o r s  such as e t h n i c  background, p a r t i c i p a t i o n  in ph y s ic a l  a c t i v i t y ,
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c o m p e t i t i o n ,  and group l o y a l t i e s .  Personal  f a c t o r s  such as p e r s o n a l i t y  
and courage i n f l u e n c e  pa in  t o l e r a n c e ,  w i t h  r e a c t io n s  to  p a in  d e c re a s in g  
in  magnitude a f t e r  the p a in  is  e xp er ien ced  a t  i n t e r v a l s  over  a p e r io d  
o f  t ime.  Methods f o r  i n f l i c t i n g  e x p e r im e n ta l  pa in  a re  c h em ic a l ,  
th e rm a l ,  e l e c t r i c a l ,  and m echan ica l .  Measuring d e v ic e s  have been 
developed f o r  a l l  f o u r  types o f  inducement.
CHAPTER I I I
PROCEDURE OF THE STUDY 
OVERVIEW
S i x t y  a d u l t  males from L o u is ia n a  S t a t e  U n i v e r s i t y  v o lu n te e re d  
to serve  as s u b jec ts  and were ass igned to groups a ccord ing  to  t h e i r  
e x p e r ien c e  in h a n d b a l l .  Twenty s u b je c ts  who d id  not p a r t i c i p a t e  in 
handball  comprised the c o n t r o l  group, Group I .  Group I I  co n s is ted  
o f  twenty s u b je c ts  who had never  p layed  h a n d b a l l ,  but were e n r o l l e d  
in b e g inn in g  handball  c la s s e s .  Group I I I  was comprised o f  exper ien ced  
handbalI  p l a y e r s .
Each s u b je c t  had one session w i t h  the  r e s e a rc h e r  in which  
the  s u b je c t  was f a m i l i a r i z e d  w i t h  t e s t i n g  procedures and equipment .
A t e s t i n g  session f o r  the two e x p e r im e n ta l  groups c o n s is te d  o f  the  
p r e s t r e s s  t e s t ,  s t r e s s  s u b je c t io n  through ha ndba l l  p a r t i c i p a t i o n , and 
the p o s ts t r e s s  t e s t .  P r e s t r e s s  t e s t s  and p o s t s t r e s s  t e s t s  measured 
the te m p e ra tu re ,  the pain  t o l e r a n c e ,  and the  volume o f  both the  
dominant and nondominant hands o f  each s u b j e c t .  For the  c o n t r o l  
group,  a t e s t i n g  session c o n s is te d  o n ly  o f  p r e s t r e s s  t e s t i n g .
The same t e s t i n g  procedures and c o n d i t io n s  were  a p p l ie d  to 
a l l  s u b je c t s .  Each s u b je c t  was t e s t e d  on a r o t a t i n g  schedule  in 
which one t e s t i n g  session was conducted eve ry  two weeks,  f o r  a 
tw e lve  week p e r io d .  Thus,  each s u b je c t  accumulated a t o t a l  o f  s i x
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t e s t i n g  sessions w i t h  tw e lve  scores c o l l e c t e d  d u r in g  each s ess io n .
The d a ta  used in the s t a t i s t i c a l  a n a l y s is  were d e r iv e d  from temper­
a t u r e  scores ,  pain  t o le r a n c e  scores ,  and volume scores .  A c o m p le te ly  
randomized design w i t h  repea t  o b s e rv a t io n s  over  t ime analyzed as an 
a n a ly s is  o f  v a r ia n c e  w i t h  a s p l i t - p l o t  arrangement  was u t i l i z e d .
SELECTION AND GROUPING OF SUBJECTS
P r i o r  to  the beg inning  o f  the 1972 f a l l  semester a t  Lo u is ia n a  
S t a t e  U n i v e r s i t y ,  the re se a rch e r  ob ta ine d  permiss ion  from i n s t r u c t o r s  
to  request v o lu n te e rs  from f i r s t  a id  c lasses  and beg inn in g  handball  
c la sses  to  serve  as s u b je c ts  f o r  the  e xp e r im en t .  Contro l  group  
s u b je c ts  were taken from f i r s t  a id  c la s s e s ;  e xp e r im en ta l  s u b je c t s ,  
who had not p r e v io u s ly  p layed h a n d b a l l ,  were taken from the  beg inning  
handball  c la s s e s .  When the f i r s t  a id  c la s s e s  met f o r  the f i r s t  t im e ,  
the  rese a rch e r  b r i e f l y  o u t l i n e d  the s tudy  f o r  t h e ' c l a s s e s  and requested  
v o lu n te e rs  f o r  Group I ,  the c o n t r o l  group. (See APPENDIX A ) .  In the  
same manner,  the re se a rch e r  asked f o r  v o lu n t e e r s  from the beg inn ing  
handball  c lasses  to p a r t i c i p a t e  in the  study as Group I I .  (See  
APPENDIX B).  For Group I I I ,  the  re s e a rc h e r  e n l i s t e d  twenty  exper ienced  
handball  p la y e rs  a t  the u n i v e r s i t y  handball  c o u r t s .  S u b je c ts '  ages 
ranged from seventeen to  t w e n t y - f i v e  y e a rs .
The s u b jec ts  o f  the c o n t r o l  group d id  not p la y  h a n d b a l l .  They 
were asked no t  to  s u b je c t  t h e i r  hands to  e x c e s s ive  blows o r  s i t u a t i o n s  
s i m i l a r  to h a n d b a l l ,  and to  r e f r a i n  from a c t i v i t y  which might r e s u l t  
in i n j u r y  o r  b l i s t e r i n g  o f  the hands, f o r  the d u r a t i o n  o f  the s tudy .
The p r e s t r e s s  phase o f  the t e s t i n g  was a d m in is te re d  to these su b jec ts
once e ve ry  two weeks.  T h e i r  t e s t i n g  sessions d i f f e r e d  from those  
o f  the o t h e r  two groups in t h a t  the  handball  game and the p o s ts t r e s s  
phase were o m i t t e d .  A l l  o t h e r  t e s t i n g  c o n d i t io n s  and procedures  
remained the  same.
Those s u b je c ts  who v o lu n te e re d  to  be p a r t  o f  Group I I  a f f i r m e d  
the c o n d i t i o n  t h a t  they were j u s t  l e a r n i n g  the mechanics o f  the  game 
and had not p layed handball  p r i o r  to  the  t ime o f  the s tudy .  Every  
two weeks d u r in g  the tw e lve  week p e r io d  they had one t e s t i n g  session;  
a t  each session they  were a d m in is te re d  the p r e s t r e s s  phase; they  then 
played h a n d b a l l ;  and,  they  were a d m in is te re d  the  p o s ts t r e s s  phase.
They were requested to  p la y  handball  t h r e e  t imes each week f o r  twe lve  
weeks.
The requ irem ent  f o r  being a s u b j e c t  in Group I I I  was t h a t  the  
person had p layed handball  f o r  a t  l e a s t  one y e a r .  The members o f  t h i s  
group d id  not have to  be in c la s s e s ,  but they r e g u l a r l y  p layed handball  
on the Lo u is ia n a  S t a t e  U n i v e r s i t y  c o u r t s .  These s u b je c ts  were not  
re q u i re d  to  p la y  handbal l  any s p e c i f i c  number o f  t imes each week.  
Because o f  t h e i r  handball  e x p e r ie n c e ,  they  were asked to  p l a y  a p p r o x i ­
m a te ly  s i x  t imes each month.  Th is  group was te s te d  the same number o f  
t imes and under the same c o n d i t io n s  as the  o t h e r  two groups.
TESTING EQUIPMENT
Radiometer  -  For d e te r m in in g  s k in  te m p e ra tu re ,  a Barnes Medical  
Thermometer,  Model MT-3*  was used. Th is  in s t ru m e n t ,  i l l u s t r a t e d  in
-' 'Manufactured by Barnes Eng in eer in g  Company, Stamford,  Conn.
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F ig u re  1, measures i n f r a r e d  emissions from the  sk in  to  de te rm ine
tem peratu re  and in d ic a t e s  i t s  e v a l u a t i o n  on a meter  in both c e n t ig ra d e
and F a h r e n h e i t .  Var ious  s iz e s  o f  s u r fa ce  a rea  can be measured by
v a r y in g  the d i s t a n c e  o f  the rad iometer  cone from the sk in  s u r f a c e .
For t h i s  s tu d y ,  a s u r fa c e  a rea  which was o n e - t e n t h  o f  an inch in
d ia m e te r  was measured by h o ld in g  the  cone o n e - f o u r t h  o f  an inch from
t h a t  s u r f a c e .  To in sure  c o n s is te n c y  in a iming the  cone,  g o l f  tees
were a t ta c h ed  to  extend o n e - f o u r t h  o f  an inch beyond the cone,  and
to  r e s t  on the s k in  s u r f a c e ,  e l e v a t i n g  the  cone o n e - f o u r t h  o f  an
inch above the s k in  s u r f a c e .
Apparatus f o r  Induc ing Pain  -  Th is  re s e a rch e r  developed a
v a r i a t i o n  o f  a c a b l e - s t r e n g t h  t e s t i n g  d e v ic e ,  used by C h r i s t i a n , *
to  i n f l i c t  pain  to  the base o f  the f i n g e r s  and the palm o f  the  hand.
2
C la rk e  p o in te d  out  t h a t  w h i l e  c a b l e - t e n s i o n  t e s t s  were o r i g i n a l l y
intended f o r  the measurement o f  the s t r e n g th  o f  muscles,  o th e r  uses
f o r  them have been found . Th is  r e s e a r c h e r 's  v a r i a t i o n  met the r e -
3
quirements  p re s c r ib e d  by Hardy,  W o l f f ,  and Goodell  f o r  a s a t i s f a c t o r y  
d e v ic e  f o r  invoking  p a in .
*Vaughn K. C h r i s t i a n ,  " E f f e c t s  o f  Non-Occluded and Occluded 
Blood C i r c u l a t i o n  Upon the  D u ra t io n  and Recovery o f  Submaximal 
E xe rc is e  o f  High and Low S t re n g th  I n d i v i d u a l s "  (unpublished D octora l  
d i s s e r t a t i o n ,  Lo u is ia n a  S t a t e  U n i v e r s i t y ,  Baton Rouge, 1971).
2
H. H a r r iso n  C l a r k e ,  Muscular S t re n g th  and Endurance in 
Man (Englewood C l i f f s ,  New J ers ey :  P r e n t i c e - H a l 1, I n c . , 1966 ) ,
p.  10.
3
James D. Hardy,  Harold G. W o l f f ,  and Helen G oode l l ,  Pain  
Sensat ions  and Reactions ( B a l t im o r e :  W i l l i a m s  and W i lk in s  Company,
1952 ) ,  p. 54.
Figure 1
Barnes Medical  Thermometer, Model MT-3 
Device  f o r  Measuring Skin Temperature
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This  v a r i a t i o n ,  shown in F ig u re  2 ,  s t a r t e d  w i t h  a loop-  
fash io ned  s t r a p ,  two inches w id e ,  which was made o f  canvas.  The 
low er ,  rounded s e c t io n  o f  the loop was f i t t e d  w i t h  a t h r e e - b y -  
f i v e  inch b lo c k  o f  wood to  which had been glued a b lo c k  o f  p l a s t i c  
p r o j e c t i o n s  o f  equal  d imensions.  The p l a s t i c  p r o j e c t i o n s  were  
a p p ro x im a te ly  o n e - h a l f  inch in h e i g h t .  The top o f  the  loop was 
f i t t e d  w i t h  a D - r i n g .  Between the D - r i n g  and an S-hook was a 
s e c t io n  o f  o n e - s i x t e e n t h  inch a i r p l a n e  c a b l e ,  which was one f o o t  
in len g th .  The S-hook connected t h i s  e n t i r e  assembly to  a l i n k  
c h a in .  The l i n k  chain  v e r t i c a l l y  suspended the assembly from the  
framework o f  an Iso-Meton E x e r c i s e r . * *  (F ig u r e  3)
Cable Tensiometer  -  The ins t ru m en t  which measured the  p ress ure  
or te ns io n  a p p l ie d  to cause pa in  was a No. 1 Cable T e n s io m e te r , * * *  
which was designed to  measure the tens io n  a p p l ie d  to a i r p l a n e  c a b le .  
Tension a p p l ie d  to  the c a b le  a p p l i e s  p ress ure  to  a p r o j e c t i o n  between  
two o f f s e t s  from the te n s io m e te r .  P ressure  on t h i s  p r o j e c t i o n  causes  
the need le  on the  te n s io m e te r  fa c e  to  i n d i c a t e  a s p e c i f i c  te ns io n  
read ing  in pounds o f  p re ssu re .
Volumeter  -  The hand v o l u m e t e r * * * *  (F ig u r e  U)  op e ra tes  on the  
p r i n c i p l e  t h a t  an o b j e c t  d is p la c e s  an amount o f  w a t e r  t h a t  is  equal  
to  the volume o f  th a t  o b j e c t .  Four p iece s  o f  equipment were needed
‘'“- 'Manufactured by H and M In c o r p o r a t e d ,  L i b e r a l ,  Kansas.
* * * M a n u f a c t u r e d  by the P a c i f i c  S c i e n t i f i c  Company, B e l l  
Gardens, C a l i f o r n i a .
* * * * S u p p l i e d  by the Uni ted  S ta te s  P u b l ic  H e a l th  S erv ic e  
H o s p i t a l ,  C a r v i l l e ,  L o u is ia n a .
Device  f o r  Inducing Pain  
and the  Tensiometer
F i g u r e  3
P o s i t io n  o f  S ub jec t  and Researcher  
in  R e la t io n  to  T e s t in g  Equipment 
Dur ing  Pain T o le rance  Test
ISM !
F ig u re  4
Volumeter F i l l e d  w i t h  W ater ,  Wooden Stand,  
Graduated C y l in d e r :  Equipment Used
f o r  Measuring Hand Volume
f o r  us ing  the  v o lu m ete r :  (1 )  the vo lum eter ;  (2 )  a 500 m i l l i l i t e r
graduated c y l i n d e r ;  (3 )  a small  bucket o r  o th e r  c o n t a i n e r ;  and,
( k )  a wooden support  f o r  the vo lum ete r  and c y l i n d e r .  The vo lumeter  
i t s e l f  is a p l a s t i c  box measuring 11^" x 3" x 5 " .  A stop dowel is  
a t ta c h e d  to  the in s id e  w a l l  o f  the c o n t a i n e r  3^" from the bottom 
and a spout is  lo ca ted  9" from the bottom o f  the c o n t a i n e r .  For  
measuring hand volume, the  vo lum eter  was f i l l e d  w i t h  room temper­
a t u r e  w a te r  u n t i l  the w a te r  over f lowed through the spout and q u i t  
d r i p p i n g .  The graduated  c y l i n d e r  was p laced under the volumeter  
spout a f t e r  the w a te r  had c o m p le te ly  q u i t  d r i p p i n g .  A c h a i r  was 
then p laced bes ide  the wooden support  in a p o s i t i o n  which a l lowed  
ease in low er ing  o n e - t h i r d  o f  the forearm  i n t o  the vo lumeter  when 
the  s u b je c t  was s ea te d .  As shown in F ig u re  5 ,  the s u b je c t  s a t  in
the c h a i r  and s lo w ly  lowered h is  hand i n t o  the  v o lu m ete r .  The hand
was lowered u n t i l  the web between the  f i r s t  and m idd le  f i n g e r s  rested  
on the  stop dowel.  As the hand was be ing  immersed, the  w a te r  which  
i t  d is p la c e d  f lowed through the  spout i n t o  the  c y l i n d e r .  The hand 
re s ted  on the  dowel u n t i l  the w a t e r  no longer  d r ip p e d .  To p re ve n t  
d r i p p i n g  f o r  prolonged t ime p e r io d s ,  the spout was sprayed w i t h  a 
l i g h t  c o a t  o f  s i l i c o n e  b e fo re  the t e s t i n g  session began.
The w a t e r  which had ov er f low ed  i n t o  the c y l i n d e r  was 
measured by read ing  the  le v e l  a t  the  same spot on the wooden
support  each t im e .  The bottom l i n e  o f  the two l i n e s  which ap­
peared because o f  w a te r  tens io n  was used f o r  the measurement.
Th is  d i s p la c e d  w a t e r  in d ic a te d  the hand volume. A f t e r  one hand
Figure 5
P o s i t io n  o f  S ub jec t  and Researcher In 
R e la t io n  to  T e s t in g  Equipment As 
Subjec t  Lowers Hand I n t o  Water  
For T e s t in g  o f  Hand Volume
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had been measured and the  read ing  recorded ,  the c h a i r  was reversed  
and the  o p p o s i te  hand was measured.
Si 1icone Spray -  An aeroso l  can o f  s i l i c o n e  spray  was used 
to  spray  the  vo lum eter  spout to  insure  even w a te r  f l o w .
Stop Watch -  A stop watch was used to  measure e x a c t  p la y i n g  
t ime and t e s t i n g  t ime p e r io d s .
Room Thermometer -  A mercury thermometer was p laced in the  
t e s t i n g  room f o r  re c o rd in g  room tem peratu re  and to  he lp  the i n v e s t i ­
g a to r  to  keep the hand te m pera tu re  t e s t i n g  room tem pera tu re  between 
seventy  and s e v e n t y - s ix  degrees F a h r e n h e i t .
Water Bucket -  Th is  c o n t a i n e r  was used to  s t o r e  w a te r  in the  
t e s t i n g  room so i t  was a t  room tem peratu re  f o r  t e s t i n g  hand volume.
TESTING SESSION PROCEDURE
T e s t in g  was conducted in two rooms where a l l  equipment and 
c o n d i t io n s  were r e a d i l y  a v a i l a b l e  and m a in t a in e d .  The f i r s t  room 
was a i r - c o n d i t i o n e d  in o r d e r  to  m a in t a in  a tem peratu re  o f  seventy  
to  s e v e n t y - s i x  degrees F a h r e n h e i t  f o r  the  t e s t i n g  o f  hand te m p e ra tu re .  
The o t h e r  room was the  ph y s ic a l  e d u ca t io n  l a b o r a t o r y  where hand volume 
and pa in  t o l e r a n c e  were t e s t e d .  I t  took  a p p ro x im a te ly  two minutes to  
go from the f i r s t  to  the second t e s t i n g  room. The re s e a rch e r  a ttempted  
to  e l i m i n a t e  unnecessary no is e  and movement in the  t e s t i n g  rooms. I t  
was f e l t  t h a t  e f f o r t s  to  m in im ize  d i s t r a c t i o n s  would lead to  more 
a c c u ra te  t e s t  r e s u l t s .
Only the re se a rc h e r  and two s u b je c ts  were in the room d u r in g  
a t e s t i n g  s ess io n .  Although i t  was necessary  f o r  two s u b je c ts  to  be
p re s e n t  a t  the same t im e ,  t e s t  r e s u l t s  were not  made known to  them 
and t e s t  procedures d iscouraged c o m p e t i t io n  between s u b j e c t s .  Whi le  
one s u b je c t  was be ing  t e s t e d ,  the  o t h e r  s u b j e c t  was seated  so t h a t  
they  could not see each o t h e r .  The s u b je c t  who was no t  be ing  te s te d  
was in s t r u c t e d  to  s i t  w i t h  arms and hands hanging l i m p ly  a t  h is  s ides  
to  p re v e n t  a l t e r n a t i o n s  in hand c o n d i t io n s  b e fo re  t e s t i n g .
The i n v e s t i g a t o r  can i n f lu e n c e  t e s t  r e s u l t s  w i t h  a t t i t u d e s ,  
i n s t r u c t i o n s ,  and responses to  what the  s u b je c t  does.  The s u b je c ts  
were in s t r u c t e d  t h a t  i t  was im por tan t  t h a t  they endure as much pa in  
as p o s s i b l e ,  and no ph y s ic a l  or  v e rb a l  response o r  t e s t  r e s u l t  fe e d ­
back was made to  the s u b je c t  by the re s e a r c h e r .  S t i l l ,  the  researche  
m ain ta ined  a f r i e n d l y  atmosphere w i t h  the  s u b je c t  to  r e t a i n  h is  con­
f i d e n c e  and c o o p e ra t i v e  e f f o r t s .
The c o n t r o l  group, Group I ,  re p o r te d  to  the t e s t i n g  room in 
p a i r s .  Before  any t e s t i n g  was done, s u b je c ts  s a t  in the  tem peratu re  
t e s t i n g  room f o r  f i v e  minutes f o r  the purpose o f  a d j u s t i n g  to  the  
t e s t i n g  atmosphere o r  environment  and f o r  hand te m p e ra tu re  c l i m a t i -  
z a t i o n .  Only the p r e s t r e s s  phase was a d m in is te re d  to  them a t  each  
session because they were not su b jec te d  to  s t r e s s  in the  form o f  
repeated  blows. Thei  r p r e s t r e s s  phase was e x a c t l y  the  same as the  
p r e s t r e s s  phase o f  the  two e xp e r im e n ta l  groups.
S ub jec ts  o f  both ex p e r im en ta l  groups,  Groups I I  and I I I ,  
re p o r ted  f o r  t e s t i n g  two a t  a t im e .  They were seated in the  temper­
a t u r e  t e s t i n g  room f o r  f i v e  minutes b e fo re  the  a d m in is t e r i n g  o f  the  
p r e s t r e s s  phase. Hand tem peratu re  was te s te d  f i r s t .  The f i r s t  
s u b je c t  had the  tem peratu re  o f  h is  dominant and nondominant hands
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t e s te d  and then was seated w i t h  h is  arms and hands a t  h is  s id es  w h i l e  
the second s u b je c t  had the te m p e ra tu re  o f  h is  dominant and nondominant  
hands measured.  N e x t ,  in the second t e s t i n g  room, s u b je c t  one had 
the pain  t o le r a n c e  o f  each o f  h is  hands measured b e fo re  s u b je c t  two.
The same o r d e r — each hand o f  s u b je c t  one and then each hand o f  s u b je c t  
two— was f o l lo w e d  f o r  hand volume t e s t i n g .  Aga in ,  re co rd in g s  were  
made immediate ly  a f t e r  the  t e s t  was g iv e n .  With the p r e s t r e s s  phase 
completed,  the two s u b je c ts  were taken to  the handball  c o u r t s .
A warm-up e x e r c is e  was executed by s u b jec ts  in each e x p e r i ­
mental  group b e fo re  they  p layed h a n d b a l l .  For the warm-up and the  
game s u b je c ts  wore l e a t h e r  handball  g loves  which were not padded.
The warm-up e x e r c is e  was chosen because i t  r e l a t e s  to  the game and 
i t  is  the o n ly  way the hands can r e a l l y  warm up s p e c i f i c a l l y  f o r  
h a n d b a l l .  Th is  e x e r c is e  c o n s is te d  o f  each s u b je c t  h i t t i n g  the  b a l l  
f o r  a f i v e  minute  p e r io d  on the  c o u r t ,  j u s t  b e fo re  p la y  began.
A f t e r  the  warm-up p e r io d ,  th e  s u b je c ts  competed in an a c t u a l  
game s i t u a t i o n .  T h is  c o m p e t i t io n  e lement was the bas is  f o r  assuming 
t h a t  the s u b je c ts  were s u f f i c i e n t l y  m o t iv a te d  to  produce t h e i r  
maximum e f f o r t  and s t r i k e  the b a l l  w i t h  optimum f o r c e .  A t  the  end 
o f  a t h i r t y - m i n u t e  p l a y i n g  p e r io d ,  when the  s t r e s s  had been e x p e r i ­
enced, the s u b je c ts  re tu rn e d  t o  the hand tem pera tu re  t e s t i n g  room 
w i t h  the  re s e a r c h e r .  F iv e  minutes lapsed between the  end o f  p la y  
and the beg inn in g  o f  the  p o s t s t r e s s  phase o f  t e s t i n g .  The p o s t s t r e s s  
phase procedures f o l lo w e d  the  same p lan  as the p r e s t r e s s .p h a s e .
One minute  was a l l o c a t e d  f o r  t e s t i n g  hand te m p e ra tu re  o f  both  
s u b je c t s .  Pain t o l e r a n c e  t e s t i n g  was g iven  two minutes f o r  c o m p le t io n .
Ten minutes were a l l o t t e d  f o r  t e s t i n g  hand volume f o r  both s u b j e c t s .  
The warm-up e x e r c is e  re q u i re d  a p p ro x im a te ly  f i v e  m inu te s .  The p o s t ­
s t r e s s  phase, as the p r e s t r e s s  phase,  r e q u i re d  a p p ro x im a te ly  f i f t e e n  
minutes f o r  e x e c u t io n .  The e n t i r e  sess ion  f o r  e ve ry  two s u b je c ts  
r e q u i re d  a t ime a l lowance  o f  a p p ro x im a te ly  one hour and f i f t e e n  
mi nu tes .
PROCEDURE FOR TEMPERATURE TESTING
Skin tem peratu re  was t e s t e d  b e fo re  pa in  t o l e r a n c e  and hand 
volume in o rd e r  to  keep the p ressure  and w a t e r  inv o lv ed  in these two 
t e s t s  from i n f l u e n c i n g  the  te m p e ra tu re  re a d in g .  F iv e  minutes  lapsed  
between the t ime the s u b je c ts  q u i t  p l a y i n g  h a ndba l l  and the t ime  
t e s t i n g  began. S ub jec ts  were i n s t r u c t e d  no t  to  touch o th e r  p a r ts  o f  
t h e i r  body, not to  c la s p  the hands t o g e t h e r ,  n o t  to  touch o th e r  
o b j e c t s ,  o r  use t h e i r  hands in any way which would change te m p e ra tu re .
The area  which was t e s te d  was an a rea  o n e - t e n t h  o f  an inch in 
d ia m e te r  in the  palm o f  the hand. The p o i n t  was lo c a te d  a t  the head 
o f  the t h i r d  m e ta c a rp a l .  Th is  p o i n t  was the  p o i n t  o f  t e s t i n g  because  
i t  was b e l ie v e d  to have re c e ive d  the most s t r e s s .
For t e s t i n g  the s u b je c t  was seated w i t h  h is  f e e t  f l a t  on the  
f l o o r  and the  knees a p p ro x im a te ly  s h o u ld e r - w id t h  a p a r t .  ( F ig u r e  6)
The elbows rested  on the  top o f  the knee w i t h  arms p r o je c t e d  forward  
and palms turned upward.  The s k in  tem p e ra tu re  re a d in g  was o b ta in e d  
from the  dominant and then the nondominant hand in degrees c e n t ig ra d e  
to  the n e a r e s t  hundredth .  The read ing  was recorded on the  personal  
d a ta  sheet  f o r  t h a t  s u b j e c t .
F i g u r e  6
P o s i t io n  o f  S ub jec t  and Researcher in 
R e la t io n  to  T e s t in g  Equipment During  
Measurement o f  Temperature
PROCEDURE FOR TESTING PAIN TOLERANCE
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As d e scr ib ed  e a r l i e r  and as shown in F ig u re  7> the s u b je c t  
being te s te d  was seated on the s to o l  on the su p p o r t in g  p l a t f o r m .
He s a t  back on the a d j u s t a b l e  s to o l  w i th  h is  back co m fo r tab ly  
s t r a i g h t  and h is  f e e t  f l a t  on the f l o o r .  The apparatus f o r  inducing  
pa in  was suspended from the su p p o r t in g  p l a t f o r m  and the c a b le  t e n s i ­
ometer was a t ta c h e d  to  the a i r p l a n e  c a b le .  For t e s t i n g  the  pain  
t o le r a n c e  l e v e l  o f  the s u b j e c t ' s  r i g h t  hand, the  loop o f  the appara­
tus was suspended to  the s u b j e c t ' s  r i g h t  and s l i g h t l y  in f r c n t  of  
him, a t  w a i s t - l e v e l  o f  the r e s e a r c h e r — a p p ro x im a te ly  f o r t y - t w o  inches  
from the p l a t f o r m .  The s u b je c t  p laced h is  hand in s id e  the loop w i th  
h is  palm and the base o f  h is  f i n g e r s  r e s t i n g  on the p l a s t i c  p r o j e c t i o n s .  
The re s e a rc h e r  then p laced both h is  hands on the back o f  the s u b j e c t ' s  
hand and s lo w ly  a p p l ie d  p re ss u re .  Th is  gradual  increase  in pressure  
continued u n t i l  the s u b je c t  v e r b a l l y  asked f o r  r e l i e f .
As pressure  in c rea sed ,  tens io n  on the a i r p l a n e  c ab le  increased  
and the te n s io m e te r  r e g is t e r e d  pounds o f  p re s s u re .  At the p o i n t  when
the  s u b je c t  sa id  he could endure no more p a in ,  the pressure  was
re le a s e d ,  the  te n s io m e te r  read ing  was taken from the te n s io m e te r  
and immediate ly  recorded on the personal d a ta  sheet f o r  t h a t  s u b je c t ,
by the re s e a rc h e r .  (See F ig u re  8 )
For measuring pa in  t o le r a n c e  o f  the l e f t  hand, the apparatus  
was suspended to  the l e f t  and s l i g h t l y  in f r o n t  o f  the s u b j e c t .  The 
l e f t  hand was te s ted  im media te ly  a f t e r  the r i g h t  hand was te s te d  and 





Pain To lerance  T e s t in g
F i g u r e  8
P o s i t io n  and Use o f  Tensiometer  
During Pain T o le ranc e  T e s t in g
PROCEDURE FOR TESTING HAND VOLUME
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Hand volume was measured l a s t  because immersing the hand 
in w ater  could have a l t e r e d  the c o n d i t io n  o f  the hand b e fo re  the  
te s ts  f o r  hand tem peratu re  and pa in  t o le r a n c e  were a d m in is te re d .
For t e s t i n g  the r i g h t  hand, as shown in F ig u re  9 ,  the s u b je c t  was 
seated in a c h a i r ,  w i t h  h is  back c o m fo r ta b ly  s t r a i g h t  a g a in s t  the  
back o f  the c h a i r  and h is  f e e t  f l a t  on the f l o o r .  He was in s t r u c t e d  
to have the palm o f  h is  hand turned backward and to  lower i t  s lo w ly  
i n t o  the v o lu m ete r ,  which had p r e v io u s ly  been f i l l e d  w i th  w a t e r .
The gradual  lower ing o f  the hand prevented the w a te r  from s p la s h in g ,  
which would have re s u l te d  in in a c c u ra te  measurement o f  hand volume.  
When the web between the index and middle  f i n g e r s  rested  on the  stop  
dowel,  the hand was held  p e r f e c t l y  s t i l l .  When the d is p la c e d  water  
q u i t  d r i p p i n g  from the spout ,  the c y l i n d e r  was removed and the s u b je c t  
was a l lowed to  w i thdraw h is  hand from the  v o lu m e te r .  The reading  
was recorded on the d a ta  sheet f o r  t h a t  s u b j e c t .
For t e s t i n g  the l e f t  hand, a ls o  i l l u s t r a t e d  in F ig u re  9,  
the vo lumete r  and c y l i n d e r  were em pt ied ,  th o ro u g h ly  d r i e d ,  and 
the spout was sprayed w i t h  a s i l i c o n e  substance.  The vo lumeter  
was r e f i l l e d  and the  c y l i n d e r  re p o s i t io n e d  under the spout .  The 
c h a i r  was reversed to p lace  the vo lumeter  on the s u b j e c t ' s  l e f t  
s id e  and the same procedure  as was fo l lo w e d  f o r  t e s t i n g  the r i g h t  
hand was again f o l lo w e d .
f *
F ig u re  9
Measurement o f  Volume o f  S u b j e c t ' s  
Right  and L e f t  Hands
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FAMILIARIZING PROCEDURES
The i n d i v i d u a l s  who v o lu n te e re d  to  be s u b je c ts  were g iven  
a t ime and a d a te  to  meet i n d i v i d u a l l y  w i t h  the i n v e s t i g a t o r  f o r  
the purpose o f  g a in in g  i n s i g h t  i n t o  the s tudy .  The f i r s t  p a r t  o f  
t h i s  i n i t i a l  session was a d is cu s s io n  p e r io d  when the purpose o f  
the study and s p e c i f i c  d e t a i l s  were e xp la in e d  to  the s u b j e c t .  A 
personal d a ta  sheet was completed.  A 1 1 raw d a ta  f o r  t h a t  s u b je c t  
were l a t e r  recorded on t h i s  form. The s u b je c t  was encouraged to  
i n q u i r e  about the study and t h i s  i n i t i a l  meet ing was v a lu a b le  in 
e s t a b l i s h i n g  a re la xed  y e t  academic a t t i t u d e  toward the study and 
the t e s t i n g  procedures .
The second phase o f  t h i s  meet ing was devoted to  a t r i a l  
t e s t  f o r  te m p e ra tu re ,  pa in  t o l e r a n c e ,  and hand volume. I t  was 
b e l ie v e d  t h a t  a f t e r  having been te s te d  in t h i s  s es s io n ,  the  
s u b je c t  was less  l i k e l y  to  show a n x i e t y  d u r in g  the f i r s t  a c tu a l  
t e s t i n g  sess ion .
PILOT STUDY
The p i l o t  work f o r  the study was completed in June,  1 9 7 2 , 
a t  L o u is ia n a  S t a t e  U n i v e r s i t y .  The purpose o f  the p i l o t  s tudy  was 
t h r e e - f o l d :  (1 )  to  p e r f e c t  and r e f i n e  the a d m i n i s t r a t i o n  procedures
f o r  the t e s t  which were u t i l i z e d  in the  s tudy;  (2 )  to  t e s t  the  pa in  
t o l e r a n c e  r e l i a b i l i t y  o f  the  mechanical  pa in  ap p ara tu s ;  and, (3 )  to  
d e te rm in e  the  l o c a t i o n  o f  the  spot on the  hand f o r  the  palm temper­
a t u r e  re ad in g .
Pain T o le ran c e  R e l i a b i l i t y
Fourteen c o l l e g e  males,  e ig h te e n  to t w e n t y - f o u r  years o f  
age were chosen a t  random and te s te d  f o r  pain  t o le r a n c e  i n i t i a l l y  
and a f t e r  fo u r t e e n  days,  w i t h  the  mechanical  pressure  d e v ic e .
T e s t - r e t e s t  c o e f f i c i e n t  o f  c o r r e l a t i o n  f o r  pain  to le r a n c e  
was . 87 . The t e s t  r e l i a b i l i t y  represented  by t h i s  score  was con­
s id e re d  to be s a t i s f a c t o r y  s in ce  i t  was w i t h i n  the range found by
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o t h e r  resea rche rs  us ing a s i m i l a r  te chn ique .  For example,  Poser  
te s te d  numerous groups o f  s tude nts  w i th  h is  pain  measurement method.  
He ob ta in ed  rank o r d e r  t e s t - r e t e s t  c o r r e l a t i o n  c o e f f i c i e n t s  between 
.75  and .85 w i t h  a mean t ime i n t e r v a l  o f  tw e lve  days between t e s t  
and r e t e s t .
Palm Tempera ture  Reading
P i l o t  work f o r  the palm te m perature  read ings cons is te d  of  
i n v e s t i g a t i n g  the b es t  spot o r  p la c e  to  take  the re ad in g .  A f t e r  
t e s t i n g  s ix  p o in ts  on each hand o f  twenty s u b je c t s ,  the head o f  
the t h i r d  m etacarpa l  was s e le c t e d  as the lo c a t io n  f o r  t a k in g  the  
hand te m peratu re  re a d in g .  The s i x  readings  on the palm o f  the  
hand were taken from the f o l l o w i n g  p la c e s :  the head o f  the t h i r d
m etacarpa l  and the base o f  the f i r s t  or  prox imal phalanx  o f  each 
o f  the f i v e  m e ta c a rp a ls .  I t  was decided from the p i l o t  study to  
use the head o f  the  t h i r d  m etacarpa l  f o r  two reasons: (1 )  a l though
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Ernest  G. Poser ,  "A Simple and R e l i a b l e  Apparatus f o r  the  
Measurement o f  P a i n , "  American Journal  o f  Psychology , 7 5 : 3 0 4 - 3 0 5 ,  
June,  1962.
th e re  was very  l i t t l e  d e v i a t i o n  among the s ix  read in g s ,  t h i s  score  
■in»sI always represented  the average o f  the s ix  scores;  and, (2 )  t h i s  
p o in t  should r e c e iv e  the most s t r e s s .
STATISTICAL PROCEDURES
The d a t a  used in the  s t a t i s t i c a l  a n a ly s is  in t h i s  study were 
d e r iv e d  from te m perature  scores ,  pain  t o le r a n c e  scores ,  and volume 
scores .  The d a ta  were c o l l e c t e d  f o r  both hands f o r  th r e e  groups 
over  s ix  t e s t i n g  sess io ns .  Both p r e s t r e s s  and p o s ts t r e s s  hand 
te m p e ra tu re ,  pain  t o l e r a n c e ,  and hand volume scores were obta ined  
f o r  Groups I I  and I I I ,  w h i l e  on ly  p r e s t r e s s  scores were obta ined  
f o r  Group I .
A c o m p le te ly  randomized design w i th  repea t  o b s e rv a t io n s  over  
t ime analyzed as an a n a l y s is  o f  v a r ia n c e  w i t h  a s p l i t - p l o t  a r r a n g e ­
ment was u t i l i z e d .  M u l t i p l e  f a c t o r s  were u t i l i z e d  to  de te rm ine  
whether  o r  no t  a s i g n i f i c a n t  d i f f e r e n c e  e x is t e d  between the th r e e  
groups, the two hands, the s i x  t e s t i n g  s ess io ns ,  and the  pre  and 
p o s t s t r e s s  scores .
A c o m p le te ly  randomized a n a l y s is  o f  v a r i a n c e  w i th  a s p l i t -  
p l o t  des ign  was used to  d e te rm in e  whether  or not a s i g n i f i c a n t  
d i f f e r e n c e  e x i s t e d  between the  p r e s t r e s s  scores f o r  a l l  th r e e  
v a r i a b l e s  f o r  a l l  th r e e  groups.  Comparisons were made f o r  each 
v a r i a b l e  between the t h r e e  groups, the two hands, the  s i x  t im es ,  
the group by hand i n t e r a c t i o n ,  the  group by t ime i n t e r a c t i o n ,  the  
hand by t ime i n t e r a c t i o n ,  and the  group by hand by t ime i n t e r a c t i o n .
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The c o m p le te ly  randomized a n a l y s is  o f  v a r ia n c e  w i th  a sp1 i t -  
p l o i  arrangement was a ls o  used in d e te rm in in g  s i g n i f i c a n t  d i f f e r e n c e s  
between the p r e s t r e s s  and p o s ts t r e s s  t e s t  scores f o r  the th r e e  v a r i ­
ab les  between Groups I I  (b e g in n in g  p l a y e r s )  and I I I  (ex per ie nced  
handbal l  p l a y e r s ) .  Comparisons were made w i t h  the f o l l o w i n g  sets  
o f  scores:  the two groups; the two hands; the  group by hand i n t e r ­
a c t i o n ;  the s ix  t im es;  the  group by t ime i n t e r a c t i o n ;  the hand by 
t ime i n t e r a c t i o n ;  the group by hand by t ime i n t e r a c t i o n ;  the two 
t e s t s ;  the group by t e s t  i n t e r a c t i o n ;  the hand by t e s t  i n t e r a c t i o n ;  
the  group by hand by t e s t  i n t e r a c t i o n ;  the  t ime by t e s t  i n t e r a c t i o n ;  
the group by t ime by t e s t  i n t e r a c t i o n ;  the hand by t im e  by t e s t  
i n t e r a c t i o n ;  and the  group by hand by t ime by t e s t  i n t e r a c t i o n .
CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA 
INTRODUCTION
The d a ta  c o l l e c t e d  in t h i s  s tu d y ,  which d e a l t  w i t h  the e f f e c t s  
of  repeated  blows upon the te m p e ra tu re ,  pa in  t o l e r a n c e ,  and volume of  
the hands, were analyzed by two se p a ra te  a na lyses  o f  v a r i a n c e  w i th  
s p 1i t - p 1o t  des i gns.
The f i r s t  a n a l y s is  o f  d a ta  in t h i s  study u t i l i z e d  p r e s t r e s s  
hand tem p era tu re  s cores ,  pa in  t o l e r a n c e  s cores ,  and hand volume scores  
f o r  the th re e  groups, to  show the degree  o f  the d i f f e r e n c e s  f o r  the  
f o l l o w i n g  comparisons:  the  c o n t r o l ,  the beg inner  and the  exper ienced
groups; the dominant hand and the nondominant hand; the s i x  d i f f e r e n t  
t e s t i n g  t im es;  and, the i n t e r a c t i o n  o f  these v a r i a b l e s .  Th is  design  
was c o m p le te ly  randomized w i t h  repeated  o b s e r v a t io n s  over  t ime  
analyzed as an a n a l y s is  o f  v a r ia n c e  w i th  a s p l i t - p l o t  arrangement.
Only p r e s t r e s s  scores were used in t h i s  a n a l y s is  so t h a t  the above 
named comparisons could be made. Charts  were u t i l i z e d  in the  i n t e r ­
p r e t a t i o n  o f  the s i g n i f i c a n t  comparisons.
The second a n a l y s is  o f  d a ta  u t i l i z e d  both p r e s t r e s s  and 
p o s t s t r e s s  hand te m p e ra tu re  s cores ,  pa in  t o l e r a n c e  s core s ,  and hand 
volume scores f o r  Exper imenta l  Groups I I  and I I I ,  to  show the e x t e n t  
o f  the  d i f f e r e n c e s  f o r  the f o l l o w i n g  compar isons: the  beg inner  and
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the exper ienced  groups; the dominant hand and the nondominant hand; 
the s ix  d i f f e r e n t  t e s t i n g  t im e s;  the p r e s t r e s s  and the p o s ts t r e s s  
t e s t s ;  and, the i n t e r a c t i o n  o f  these v a r i a b l e s .  This  design  was 
a ls o  c o m p le te ly  randomized w i t h  repeated  o b s e rv a t io n s  over  t ime  
analyzed as an a n a l y s is  o f  v a r i a n c e  w i t h  a s p l i t - p l o t  a rrangement.
Both p r e s t r e s s  and p o s t s t r e s s  scores were used f o r  the two groups.
Charts  were a ls o  u t i l i z e d  to  i n t e r p r e t  the  s i g n i f i c a n t  F v a lu e s .
ANALYSIS OF THE HAND TEMPERATURE, PAIN 
TOLERANCE, AND HAND VOLUME PRESTRESS 
SCORES FOR THE THREE GROUPS
The a n a l y s is  o f  v a r ia n c e  f o r  the hand te m p e ra tu re ,  pain  
t o l e r a n c e ,  and hand volume p r e s t r e s s  scores f o r  the th r e e  groups 
i s  shown in Tab le  I .  Appendix D l i s t s  the  means f o r  the comparisons  
t h a t  were made in the  a n a l y s is  o f  v a r i a n c e .
Comparison o f  the Hand Tem pera ture .  Pain  
T o le r a n c e ,  and Hand Volume P r e s t r e s s  
Scores f o r  the Three Groups
As shown in T a b le  I ,  the  a n a l y s i s  o f  d a ta  i n d ic a t e d  t h a t
th e re  was no s i g n i f i c a n t  d i f f e r e n c e  in the  p r e s t r e s s  te m p e ra tu re ,
pain  t o l e r a n c e ,  o r  volume o f  the groups.  W i th  2 and 57 degrees o f
freedom, none o f  the F - r a t i o s  were l a r g e  enough to be s i g n i f i c a n t
a t  the .05 l ev e l  o f  p r o b a b i l i t y .
Comparison o f  Hand Tem pera ture ,  Pa in  T o l e r a n c e , 
and Hand Volume P r e s t r e s s  Scores f o r  the  
Dominant and the Nondominant Hands
The a n a l y s is  o f  d a t a  i n d ic a t e d  t h a t  t h e r e  was a s i g n i f i c a n t
d i f f e r e n c e  in the dominant and the nondominant hands ( l e v e l  B ) .
TABLE I
ANALYSIS OF VARIANCE OF THE HAND 
TEMPERATURE, PAIN TOLERANCE, AND HAND 
VOLUME PRESTRESS SCORES FOR THE THREE GROUPS
Source
of










A Groups 2 2 .6 3 0 .67 1395.93 0.31 12064.84 0 .4 7
E rror  A 57 3 .9 0 448 9 .28 25787.80
B Hand 1 1.24 3 5 . 7 2 * * 1388.89 1 4 2 .3 8 * * 46529 .09 1 8 2 .0 2 * *
AB 1n t e r a c t io n 2 0 .0 9 2 .7 0 2 3 .9 6 2 .4 6 440 .61 1.72
E rror  B 57 0 .0 4 9 .7 5 255 .63
R Time 5 0.81 5 . 2 0 * * 646.37 8 0 . 5 6 * * 1942.74 5 8 . 2 8 * *
AR I n t e r a c t i o n 10 0 .7 5 4 . 8 4 * * 361 .33 4 5 . 0 3 * * 718 .64 2 1 . 5 6 * *
BR 1n t e r a c t i  on 5 0 .4 0 0 .2 6 3 .17 0 .4 0 7 .5 0 0 .23
ABR 1n t e r a c t i  on 10 0 .02 0 .1 6 5.01 0 .62 3 0 .1 6 0.90
Residual 570 0 .1 6 8 .0 2 3 3 .3 4
F needed f o r  s ig n i f i c a n c e :  2 and 57 d f , .01 leve l = 4 .9 9
.05 leve l = 3 .1 6
1 and 57 d f , .01 leve l = 7 .0 9
.05 lev e l = 4.01 ■A**?* _  — P . 01
5 and 570 d f , .01 leve l = 3 .05 «s — P.05
.05 leve l = 2 .2 3
10 and 570 d f , .01 leve l = 2 .3 9
.05  leve l = 1.85
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Ta b le  I re v e a ls  a s i g n i f i c a n t  F - r a t i o  f o r  a l l  th re e  v a r i a b l e s .  The 
dominant hand means were h ig h e r  f o r  a l l  th re e  v a r i a b l e s .  O ve ra l l  
p r e s t r e s s  means f o r  each v a r i a b l e  were as f o l l o w s :  hand temperatu re
f o r  the dominant hand was 3 0 . 6 5 ,  w h i l e  the nondominant hand was 3 0 .5 6  
degrees c e n t ig r a d e ;  pa in  t o le r a n c e  f o r  the dominant hand was 8 3 ,  w h i le  
the nondominant hand was 80 t e n s i o m e t e r . u n i t s ;  hand volume f o r  the  
dominant hand was 482 ,  w h i l e  the  nondominant hand was 466 m i l l i l i t e r s .  
With  1 and 57 degrees o f  freedom, a l l  a re  s i g n i f i c a n t  a t  the .01 
l e v e l  o f  p r o b a b i l i t y .  Th is  in d i c a t e s  t h a t  the dominant hand has 
a h ig h e r  te m p e ra tu re ;  is  a b le  to  t o l e r a t e  more p a in ;  and, has a 
l a r g e r  hand volume than the nondominant hand.
I n t e r a c t i o n  o f  Hand Tem pera ture .  Pain  T o le r a n c e , 
and Hand Volume P r e s t r e s s  Scores f o r  the  
Groups by Hands
The A x B i n t e r a c t i o n  between the  dominant and nondominant
hands f o r  the  c o n t r o l ,  b e g inn in g  and exper ienced  groups f o r  the
th r e e  v a r i a b l e s  o f  hand te m p e ra tu re ,  pain  t o l e r a n c e ,  and hand volume,
was not s i g n i f i c a n t .  Th is  in d ic a t e d  t h a t  the d i f f e r e n c e s  between
c o n t r o l ,  be g in n in g  and expe r ien ced  s u b je c ts  were un i fo rm  f o r  both
the dominant and nondominant hands f o r  each o f  the th re e  v a r i a b l e s .
Comparison o f  Hand Temperature ,  Pain T o le r a n c e , 
and Hand Volume P r e s t r e s s  Scores Over the  
S ix  T e s t in g  Sessions
T a b le  1 r e v e a ls  t h a t  a s i g n i f i c a n t  F - r a t i o  e x i s t s  f o r  hand
te m p e ra tu re ,  pa in  t o l e r a n c e ,  and hand volume in the comparison o f
the s i x  t e s t i n g  sessions ( l e v e l  R ) . The F - r a t i o  r e q u i re d  a t  the
.01 lev e l  o f  p r o b a b i l i t y  was 3 . 0 5 .  Chart  I i l l u s t r a t e s  the  d i f f e r ­
ences between the s i x  t e s t i n g  sessions over  the twelve  week p e r io d ,  
f o r  the hand tem peratu re  o f  both hands f o r  a l l  th re e  groups. C ha r t  I I  
i l l u s t r a t e s  the l i n e a r  increase  in pa in  to le r a n c e  over  the  tw e lve  
weeks. The hand volume means a ls o  increased in a l i n e a r  manner over  
the tw e lve  week p e r io d ,  as shown in Char t  I I I .
I n t e r a c t i o n  o f  P r e s t r e s s  Hand T em pera ture ,
Pain  T o le r a n c e ,  and Hand Volume Scores  
f o r  the Groups by Time
As shown in Tab le  I ,  s i g n i f i c a n t  F - r a t i o s  were found f o r  the  
i n t e r a c t i o n  between groups and t e s t i n g  pe r io ds  ( l e v e l  A x  R) f o r  a l l  
t h r e e  v a r i a b l e s  o f  t e m p e ra tu re ,  pa in  t o l e r a n c e ,  and hand volume. The 
F - r a t i o  re q u i re d  a t  the .01 le v e l  o f  p r o b a b i l i t y  was 2 . 3 9 .  As shown 
in Char t  IV ,  the d i f f e r e n c e s  among the th r e e  groups in hand temper­
a tu re s  were not un i form over  the tw e lv e  week p e r io d .  None o f  the  
th r e e  groups showed a s p e c i f i c  p a t t e r n  over  the tw e lve  week p e r io d .  
The pa in  t o le r a n c e  p r e s t r e s s  means f o r  the th r e e  groups o ver  the  s i x  
t e s t i n g  t imes a re  shown in Char t  V. The c o n t r o l  group ( l )  showed 
v e r y  l i t t l e  v a r i a t i o n  in i t s  mean scores .  The beg inn in g  handball  
group ( l l )  e x h i b i t e d  a d o m ina nt ly  l i n e a r  increase  f o r  each t e s t i n g  
t im e .  A l though the exper ienced  group ( I I I )  had an o v e r a l l  in c re a s e ,  
i t  d id  no t  have a pronounced l i n e a r  in c re a s e .  Char t  VI p o r t r a y s  the  
d i f f e r e n c e s  between the p r e s t r e s s  hand volume means f o r  the  th re e  
groups over  the twe lve  week p e r io d .  The c o n t r o l  group ( l )  showed 
l i t t l e  v a r i a t i o n  in  i t s  hand volume means scores .  The b e g inn in g  























PRESTRESS HAND TEMPERATURE MEANS FOR
ALL THREE GROUPS OVER S IX
TESTING SESSIONS (R )
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PRESTRESS PA IN  TOLERANCE MEANS FOR
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CHART I I I
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volume l o r  each t e s t i n g  p e r io d .  The exper ienced  group ( i l l )  a ls o  
e x h i b i t e d  an inc re a s e  in hand volume, a l though the l i n e a r  increase  
was noL as pronounced as t h a t  o f  the beg inn ing  group ( l l ) .  The 
s i g n i f i c a n t  i n t e r a c t i o n  on a l l  th r e e  v a r i a b l e s  was p r i m a r i l y  due 
to  the f a c t  t h a t  the  c o n t r o l  group remained the same w h i le  the two 
e xper im enta l  groups evidenced changes.
I n t e r a c t i o n  o f  Hand Tem pera ture ,  Pain T o l e r a n c e , 
and Hand Volume P r e s t r e s s  Scores f o r  the  
Dominant and Nondominant Hands by Time
The F - r a t i o s  f o r  the i n t e r a c t i o n  o f  t ime and dominant and 
nondominant hands (B x  R) f o r  the  th r e e  v a r i a b l e s  were not s i g n i f i ­
c a n t .  This  in d ic a te d  t h a t  the dominant and nondominant hand
d i f f e r e n c e s  were un i fo rm  f o r  each o f  the th re e  v a r i a b l e s  over  
the twelve  weeks.
I n t e r a c t i o n  o f  Groups by Hands by Times f o r  P r e s t r e s s
Hand Temperature .  Pain  T o le r a n c e ,  and Hand
Volume Scores
The a n a ly s is  f a i l e d  to  f i n d  any s i g n i f i c a n t  i n t e r a c t i o n s  
( l e v e l  A x B x R) f o r  groups by hands by t ime f o r  any o f  the  th re e  
v a r i a b l e s .  As seen in Ta b le  1, the  F - r a t i o s  were below the F - r a t i o  
o f  I .85 w i t h  10 and 570 degrees o f  freedom re q u i re d  f o r  s i g n i f i c a n c e  
a t  the .05  le v e l  o f  p r o b a b i l i t y .
ANALYSIS OF THE EFFECTS OF STRESS ON THE HAND 
TEMPERATURE, PAIN TOLERANCE, AND HAND 
VOLUME SCORES BETWEEN THE BEGINNING 
AND EXPERIENCED GROUPS
The a n a l y s is  o f  v a r i a n c e  comparisons o f  the  e f f e c t s  o f  s t r e s s  
on the hand te m p e ra tu re ,  p a in  t o l e r a n c e ,  and hand volume scores between
73
the beg inn ing  and exper ienced  groups a re  shown in Tab le  I I .  The 
means f o r  the comparisons in t h i s  a n a ly s is  o f  v a r ia n c e  a re  l i s t e d  
in Appendix E.
Comparison o f  the E f f e c t s  o f  S t ress  on the Hand 
Temperature .  Pain T o le r a n c e ,  and Hand Volume 
Scores o f  the Two Exper imenta l  Groups
T a b le  11 shows t h a t  F - r a t i o s  f o r  the th re e  v a r i a b l e s  o f
te m p e ra tu re ,  pa in  t o l e r a n c e ,  and hand volume f a i l e d  to  meet the
re q u i re d  F - r a t i o  o f  4 . 0 9  to  be s i g n i f i c a n t  a t  the  .05  l e v e l  o f
p r o b a b i l i t y .  Th is  f i n d i n g  denoted t h a t  th e r e  was no s i g n i f i c a n t
d i f f e r e n c e  between the b e g in n in g  and exper ienced  g r o u p s . f o r  the
i
th r e e  v a r i a b l e s .
Comparison o f  the  E f f e c t s  o f  S t re s s  on the Hand 
Temperature ,  Pain T o le r a n c e ,  and Hand Volume 
Scores f o r  the Dominant and Nondominant Hands
In Ta b le  I I  i t  may be seen t h a t  the  F - r a t i o s  g r e a t l y  exceeded 
the F o f  7 .3 3  needed a t  the .01 le v e l  o f  p r o b a b i l i t y  f o r  the  compari ­
son o f  the dominant and nondominant hand scores f o r  each o f  the th r e e  
v a r i a b l e s  ( l e v e l  B ) .  O v e r a l l  means f o r  each v a r i a b l e  were as f o l l o w s :  
tem peratu re  f o r  the dominant hand was 31.4-7 degrees c e n t ig r a d e ,  w h i l e  the  
nondominant hand was 3 1 . 2 2 ;  pa in  t o le r a n c e  f o r  the dominant hand was 
86 te n s io m e te r  u n i t s ,  w h i l e  the  nondominant hand was 83;  hand volume 
f o r  the dominant hand.was 490 m i l l i l i t e r s ,  w h i l e  the  nondominant hand 
was 477 .  The dominant hand no t  o n ly  had a s i g n i f i c a n t l y  h ig h e r  
te m p e ra tu re ,  but a ls o  had a s i g n i f i c a n t l y  h ig h e r  pa in  t o l e r a n c e  and 
volume o ver  the nondominant hand.
TABLE I I
ANALYSIS OF THE EFFECTS OF STRESS ON THE HAND TEMPERATURE, 
PAIN TOLERANCE, AND HAND VOLUME SCORES FOR 
THE BEGINNING AND EXPERIENCED GROUPS
Source
o f










A Group 1 11.46 2 .6 8 5698.88 0 .6 3 37675.20 0.78
E rro r  A 38 4 .2 8 9097 .47 4 8233 .50
B Hand 1 5 .0 0 1 9 7 .7 1 * * 1850.93 1 9 7 .6 7 * * 91221.00 1 2 6 .8 1 * *
AB 1n t e r a c t io n 1 0 .03 1 .34 102.05 1 0 .9 0 * * 8 8 .82 0 .12
E rror  B 38 0 .03 9 .3 6 719 .36
C Time 5 0 .7 9 4 . 3 0 * * 2284 .25 121. 78* * 5241 .86 4 2 . 8 9 * *
AC I n t e r a c t i o n 5 0.41 2 .2 2 816 .29 4 3 . 5 2 * * 1426.01 1 1 . 6 7 * *
BC 1n t e r a c t io n 5 0 .02 0.11 13.07 0 .7 0 8 1 .3 4 0 .6 7
ABC I n t e r a c t i o n 5 0 .003 0.01 5.81 0.31 160.26 1.31
E rror  C 380 0 .1 8 18.76 122.21
R Test 1 613 .92 3 5 9 0 .5 3 * * 5925.23 7 4 6 . 9 1 * * 54601.67 4 3 2 . 3 3 * *
AR I n t e r a c t i o n 1 0 .0 6 0 .3 4 110.03 1 3 .8 7 * * 5 .1 0 0 .0 4
BR 1n t e r a c t io n 1 0 .72 4 . 2 1 * 2 .7 0 0 .3 4 996 .34 7 . 8 9 * *
ABR 1n t e r a c t io n 1 0 .1 6 0 .9 5 0 .5 5 0 .07 106.67 0 .8 4
CR 1n t e r a c t io n 5 0.51 2 . 9 6 * 14.35 1.81 77.37 0.61
ACR 1n t e r a c t io n 5 0 .0 5 0.31 4 .9 7 0 .63 193.01 1.52
BCR I n t e r a c t i o n 5 0 .03 0 .17 0 .96 0 .12 134.54 1.07
ABCR I n t e r a c t i o n 5 0 .02 0 .1 2 0 .83 0 .1 0 102.18 0.81
Residual 456 0 .17 7 .93 126.30
F needed f o r  s i g n i f i c a n c e :  1 and 38 d f ,  .01 le v e l  = 7 .3 3  1 and 456 d f ,  .01 leve l  -  6 .6 9
.05 le v e l  = 4 .0 9  *05 le v e l  = 3 .8 6
*  "  p * 01 5 and 380 d f ,  .01 le v e l  = 3 .0 7  5 and 456 d f ,  .01 leve l  = 3 .0 5
*  = p - ° 5  .05  leve l  = 2 .2 4  .05  le v e l  = 2 .2 3
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I n t e r a c t i o n  o f  Hand Temperature ,  Pain  T o l e r a n c e . 
and Hand Volume Pre and P o s t s t re s s  Scores f o r  
the Groups by Hands
The A x B i n t e r a c t i o n  o f  the d i f f e r e n c e s  between the  dominant  
and nondominant hands f o r  the beg inn ing  and exper ienced groups,  f o r  
the v a r i a b l e s  o f  hand tem pe ra tu re  and hand volume, were not s i g n i f i c a n t .  
This  in d ic a te d  t h a t  the  d i f f e r e n c e s  between beg inn in g  and exper ienced  
s u b je c ts  were un i form  f o r  both the dominant and nondominant hands f o r  
each o f  the two v a r i a b l e s .  As re vea led  in Tab le  I I ,  however, a 
s i g n i f i c a n t  F - r a t i o  was found f o r  the i n t e r a c t i o n  between groups 
and hands f o r  the pa in  t o le r a n c e  v a r i a b l e .  As l i s t e d  in Appendix E, 
the  dominant hand mean f o r  the beg inn in g  group ( I I )  was 89 t e n s io m e te r  
u n i t s  w h i l e  an 85 mean e x i s t e d  f o r  the nondominant hand. The means 
f o r  the exper ienced  group ( I I I )  were 83 te n s io m e te r  u n i t s  f o r  the  
dominant hand and 81 u n i t s  f o r  the nondominant hand. This  in d ic a te d  
t h a t  the pa in  t o l e r a n c e  d i f f e r e n c e s  between the beg inning  and e x p e r i ­
enced s u b je c ts  were not  un i fo rm .
Comparison o f  the E f f e c t s  o f  S t re ss  on the Hand 
Tem pera ture ,  Pain  T o le r a n c e ,  and Hand Volume 
Scores Over the S ix  T e s t in g  Sessions
Tab le  I I  re v e a ls  t h a t  s i g n i f i c a n t  F - r a t i o s  e x i s t e d  f o r  hand 
te m p e ra tu re ,  pa in  t o l e r a n c e  and hand volume in the comparison o f  the  
s ix  t e s t i n g  sessions ( l e v e l  C ) . An F - r a t i o  o f  3 .0 7  was re q u i re d  a t  
the .01 le v e l  o f  p r o b a b i l i t y .  Char t  V I I  i l l u s t r a t e s  the  d i f f e r e n c e s  
between the  s ix  t e s t i n g  sessions over  the  tw e lve  week p e r io d ,  f o r  the  
hand tem p era tu re  o f  both hands f o r  the  beg inn ing  and e xp er ien ced  groups.  
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PAIN  TOLERANCE MEANS OVER













T im e  ( 2  W eeks)
twelve  weeks.  The hand volume means a ls o  increased in a l i n e a r  
manner o v er  the tw e lve  week p e r i o d ,  as shown in C har t  IX .
I n t e r a c t i o n  o f  Hand Temperature ,  Pain  T o l e r a n c e , 
and Hand Volume Pre and P o s t s t r e s s  Scores f o r  
the Groups by Time
The A x C i n t e r a c t i o n  o f  the d i f f e r e n c e s  between the  
beginn ing  and e xper ienced  groups over  the tw e lve  week p e r io d ,  
f o r  the v a r i a b l e  o f  hand te m p e ra tu re ,  was not s i g n i f i c a n t .  This  
i n d ic a t e d  t h a t  the  d i f f e r e n c e s  between b e g inn in g  and exper ienced  
s u b je c ts  were u n i fo rm  over  the tw e lve  week p e r io d  f o r  hand temper­
a t u r e .  Tab le  I I ,  however,  does revea l  s i g n i f i c a n t  F - r a t i o s  f o r  
the pa in  t o l e r a n c e  and hand volume v a r i a b l e s  f o r  the i n t e r a c t i o n  
between groups and t im e .  Both v a r i a b l e s  were h i g h l y  s i g n i f i c a n t  
a t  the .01 le v e l  o f  p r o b a b i l i t y .  Char t  X i l l u s t r a t e s  the  d i f f e r ­
ences between the two e x p e r im e n ta l  groups over  the tw e lve  week 
p e r io d .  The b e g inn in g  handba l l  group ( l l )  e x h i b i t e d  a dom inant ly  
l i n e a r  in c re ase  f o r  each t e s t i n g  t im e .  A l though the exper ienced  
group ( i l l )  had an o v e r a l l  i n c r e a s e ,  i t  d id  n e t  have a pronounced 
l i n e a r  in c re a s e .  C har t  XI p o r t r a y s  the d i f f e r e n c e s  between the  
hand volume means f o r  the two groups over  the tw e lve  week p e r io d .
The beg inn in g  handba l l  group ( l l )  showed a d o m in a n t ly  l i n e a r  in ­
c rease  in i t s  hand volume f o r  each t e s t i n g  p e r io d .  The exper ienced  
handba l l  group ( I I I )  showed an in c rea se  in hand volume, a l though not  
as pronounced as t h a t  o f  the  beg inn in g  group ( I  I ) .  The s i g n i f i c a n t  
i n t e r a c t i o n  on the  v a r i a b l e s  cou ld  have been due to  the  f a c t  t h a t  the  
e xpe r ien ced  handbal l  group ( I I I )  d id  no t  change as much as the  
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HAND VOLUME MEANS FOR THE BEGINNING 
AND EXPERIENCED GROUPS OVER SIX 
TESTING SESSIONS (A x C)
k 632
Time (2 Weeks)
Beginning Handball  Group ( l l )  
Exper ienced Handball  Group ( I I I )
I n L e r a c t io n  o f  Hand Temperature ,  Pain  T o l e r a n c e , 
and Hand Volume Pre and P o s ts t re s s  Scores f o r  
the Dominant and Nondominant Hands by Time
The F - r a t i o s  f o r  the i n t e r a c t i o n  o f  t ime and dominant and 
nondominant hands ( l e v e l  B x C, T a b le  l l )  f o r  the th r e e  v a r i a b l e s ,  
were not s i g n i f i c a n t .  Th is  in d ic a te d  t h a t  the  dominant and non­
dominant hand d i f f e r e n c e s  were un i form  f o r  each o f  the th re e  
v a r i a b l e s  over  the tw e lve  weeks.
I n t e r a c t i o n  o f  the Groups by Hands by Times
f o r  Hand Temperature .  Pain T o le ra n c e ,  and 
Hand Volume Pre and P o s t s t re s s  Scores
The a n a ly s is  f a i l e d  to  f i n d  any s i g n i f i c a n t  i n t e r a c t i o n  
( l e v e l  A x B x C) f o r  groups by hands by t ime f o r  any o f  the th re e
v a r i a b l e s .  As seen in Ta b le  I I ,  the  F - r a t i o s  were below the F - r a t i o
o f  2 . 2k  w i t h  5 and 380 degrees o f  freedom re q u i re d  f o r  s i g n i f i c a n c e  
a t  the .05 l e v e l  o f  p r o b a b i l i t y .
Comparison o f  E f f e c t s  o f  S tress  on the Hand T em p era tu re .
Pain  T o le r a n c e ,  and Hand Volume Scores f o r  the  
P r e s t r e s s  Test  and the P o s ts t re s s  Test
The a n a ly s is  o f  d a ta  in d ic a t e d  t h a t  t h e r e  was a s i g n i f i c a n t  
d i f f e r e n c e  in the p r e s t r e s s  t e s t  and the p o s ts t r e s s  t e s t  ( l e v e l  R) 
f o r  hand te m p e ra tu re ,  pain  t o l e r a n c e ,  and hand volume scores .  Ta b le  
re v e a ls  a h i g h l y  s i g n i f i c a n t  F - r a t i o  f o r  a l l  th re e  v a r i a b l e s .  The 
p o s ts t r e s s  t e s t  means were h igher  f o r  a l l  th re e  v a r i a b l e s .  O v e ra l l  
p r e s t r e s s  and p o s t s t r e s s  t e s t  means f o r  each v a r i a b l e  were as 
f o l l o w s :  the p r e s t r e s s  t e s t  mean f o r  the  hand tem peratu re  was
3 0 . 6 0  degrees c e n t i g r a d e ,  w h i l e  the pos ts t re S s  t e s t  mean was 
3 2 .1 9 ;  the pa in  t o l e r a n c e  p r e s t r e s s  t e s t  mean was 82 te n s io m e te r
uni i s ,  w h i l e  the p o s ts t r e s s  t e s t  mean was 87; the hand volume p r e s t r e s s  
Lest mean was 476 m i l l i l i t e r s ,  w h i l e  the p o s t s t r e s s  t e s t  mean was 
491 .  With  I and 456 degrees o f  freedom, a l l  a re  s i g n i f i c a n t  a t  the  
.01 le v e l  o f  p r o b a b i l i t y .  Th is  in f e r r e d  t h a t  i n d i v i d u a l s  have a 
h igher  hand tem pera tu re ;  a re  a b le  to  t o l e r a t e  more p a in ;  and, have 
a l a r g e r  hand volume a f t e r  the s t re s s  o f  repeated blows to  the hand.
I n t e r a c t i o n  o f  Hand Temperature ,  Pain  T o l e r a n c e , 
and Hand Volume Pre and P o s ts t re s s  Scores f o r  
the Groups by Test
The A x R i n t e r a c t i o n  o f  the d i f f e r e n c e s  between the p r e s t r e s s
t e s t  and the  p o s ts t r e s s  t e s t ' f o r  the beg inn ing  and exper ienced  groups,
f o r  the v a r i a b l e s  o f  hand te m perature  and hand volume, were not  
s i g n i f i c a n t .  This  in d ic a te d  t h a t  the d i f f e r e n c e s  between beg inn in g  
and exper ienced  s u b jec ts  were un i form  f o r  both the p r e s t r e s s  t e s t  
and the p o s ts t r e s s  t e s t  f o r  each o f  the  two v a r i a b l e s .  Ta b le  I I  
revea led  a h igh s i g n i f i c a n t  F - r a t i o  f o r  the i n t e r a c t i o n  o f  groups 
by t e s t  f o r  pain  t o l e r a n c e .  The means f o r  the i n t e r a c t i o n  were as 
f o l l o w s :  84 te n s io m e te r  u n i t s  f o r  the p r e s t r e s s  t e s t  mean f o r  the
beginning group ( l l )  and 90 f o r  the p o s ts t r e s s  t e s t  mean; means f o r  
the two te s t s  f o r  the e xp er ien ced  group ( I I I )  were 80 f o r  the p re ­
s t re s s  and 84 te n s io m e te r  u n i t s  f o r  the p o s t s t r e s s  t e s t .  Th is  
in d ic a te d  t h a t  the pain  to le r a n c e  d i f f e r e n c e s  between the beg inning  
and exper ienced  s u b je c ts  were not un i form .
I n t e r a c t i o n  o f  Hand Temperature .  Pain T o l e r a n c e , 
and Hand Volume Pre and P o s ts t res s  Scores f o r
the Dominant and Nondominant Hands by T e s t
The F - r a t i o  shown in Tab le  I I  f o r  the i n t e r a c t i o n  o f  the  
dominant and nondominant hands by t e s t  ( l e v e l  B x R) f o r  pain
t o le r a n c e  was not s i g n i f i c a n t  a t  the .05  l e v e l  o f  p r o b a b i l i t y .  Th is  
in d ic a te d  t h a t  the d i f f e r e n c e s  between dominant and nondominant hands 
were uni form f o r  both the p r e s t r e s s  and the p o s ts t r e s s  t e s t s  f o r  the  
pain  to le r a n c e  v a r i a b l e .  Ta b le  11, however, does revea l  s i g n i f i c a n t  
F - r a t i o s  f o r  the hand temperature  and hand volume v a r i a b l e s  f o r  the  
i n t e r a c t i o n  between hands and t e s t .  The hand tem peratu re  v a r i a b l e  
was s i g n i f i c a n t  a t  the .05 l e v e l  o f  p r o b a b i l i t y ,  w h i l e  the  hand volume 
v a r i a b l e  was s i g n i f i c a n t  a t  the .01 l e v e l  o f  p r o b a b i l i t y .  Hand 
temperature  means were as f o l l o w s :  f o r  the  dominant hand, the  p r e ­
s t re s s  t e s t  mean was 3 0 .6 4  degrees c e n t ig r a d e  and 3 2 .2 9  degrees f o r  
the p o s ts t re s s  t e s t  mean; the nondominant hand had means o f  30 .5 5  
degrees c e n t ig ra d e  and 3 2 .1 0  degrees f o r  the p r e s t r e s s  and p o s ts t r e s s  
t e s t .  While  the hand volume means were as f o l l o w s :  f o r  the dominant
hand, the p r e s t r e s s  t e s t  mean was 485 and 502 m i l l i l i t e r s  f o r  the  
p o s ts t r e s s  t e s t  mean; the nondominant hand had means o f  468 and 481 
m i l l i l i t e r s  f o r  the p r e s t r e s s  and p o s t s t r e s s  t e s t .  As in d ic a t e d  by 
the  means, the s i g n i f i c a n t  i n t e r a c t i o n  on the two v a r i a b l e s  was due 
to  the f a c t  t h a t  the nondominant hand d id  not change as much as the  
dominant hand.
I n t e r a c t i o n  o f  Hand Temperature ,  Pain T o l e r a n c e , 
and Hand Volume Pre and P o s ts t re s s  Scores f o r  
the Group by Hand by Test
'The  a n a l y s is  f a i l e d  to  f i n d  any s i g n i f i c a n t  i n t e r a c t i o n  
( l e v e l s  A x B x R) f o r  groups by hands by t e s t  f o r  any o f  the th re e  
v a r i a b l e s .  As shown in Tab le  I I ,  the F - r a t i o s  were below the F - r a t i o  
o f  3 . 8 6  w i t h  1 and 456  degrees o f  freedom r e q u i re d  f o r  s i g n i f i c a n c e  
a t  the .05 l e v e l  o f  p r o b a b i l i t y .
I n t e r a c t i o n  o f  Hand Temperature ,  Pain T o l e r a n c e . 
and Hand Volume Pre and P o s ts t re s s  Scores f o r  
the Time by Test
The C x R i n t e r a c t i o n  o f  the d i f f e r e n c e s  between the p re ­
s t r e s s  and p o s ts t r e s s  t e s t  f o r  the twe lve  week p e r io d  f o r  the two 
v a r i a b l e s  o f  pa in  t o le r a n c e  and hand volume, was not s i g n i f i c a n t .  
This  in d ic a t e d  t h a t  the d i f f e r e n c e s  between the p r e s t r e s s  and p o s t ­
s t r e s s  t e s t s  were un i form  f o r  the tw e lve  week p e r io d  f o r  each of  
the two v a r i a b l e s .  Tab le  I I ,  however, does revea l  a s i g n i f i c a n t  
F - r a t i o  f o r  the i n t e r a c t i o n  between t ime and t e s t  f o r  the hand 
temperature  v a r i a b l e .  Th is  in d ic a t e s  t h a t  the d i f f e r e n c e  in the  
p r e s t r e s s  and p o s ts t r e s s  hand temperatures  was not un i fo rm  over  
the s ix  t e s t i n g  sess io ns .  Char t  X I I  i l l u s t r a t e s  the d i f f e r e n c e  
between the p r e s t r e s s  and p o s ts t r e s s  t e s t  over  the tw e lve  week 
p e r io d .  The d i f f e r e n c e s  were not u n i fo rm ,  and showed no s p e c i f i c  
p a t t e r n  over  the tw e lve  week p e r io d .
I n t e r a c t i o n  o f  Hand Temperature .  Pain T o le r a n c e ,  and 
Hand Volume Pre and P o s ts t re s s  Scores f o r  the  
Group by Time by T e s t ;  Hand by Time by T e s t ; 
and, the Group by Hand by Time by Test
The F - r a t i o s  f o r  the i n t e r a c t i o n  o f  A x C x R, B x C x R, 
and A x B x C x R upon the hand te m p e ra tu re ,  pa in  t o l e r a n c e ,  and 
hand volume v a r i a b l e s ,  f a i l e d  to  meet the t e s t  o f  s i g n i f i c a n c e  
r e q u i re d  a t  the .05  l e v e l  o f  p r o b a b i l i t y  (T a b le  l l ) .  Th is  in d ic a t e s  
t h a t  the d i f f e r e n c e s  w i t h i n  each o f  the th re e  v a r i a b l e s  were un i fo rm  

























CHART X I I
PRESTRESS TEST AND POSTSTRESS TEST HAND 
TEMPERATURE MEANS OVER THE SIX  
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T im e  ( 2  W eeks)
P re s t re s s  T es t  
P o s ts t re s s  Test
CHAPTER V
SUMMARY, FINDINGS, DISCUSSION, AND CONCLUSIONS
SUMMARY
The purpose o f  t h i s  study was to  i n v e s t i g a t e  the e f f e c t s  o f  
s t r e s s  upon the te m p e ra tu re ,  pain  t o l e r a n c e ,  and volume o f  the hand.  
S tress  was a p p l ie d  in the form o f  repeated blows. The secondary  
purpose o f  t h i s  study was to  examine the  r e a c t io n s  f o r  a p o s s ib le  
i n d i c a t i o n  o f  c o n d i t i o n i n g .
S ix t y  a d u l t  males from L o u is ia n a  S ta te  U n i v e r s i t y  who 
v o lu n te e re d  to serve  as s u b je c ts  were assigned to  groups according  
to  t h e i r  e x p e r ien ce  w i th  h a n d b a l l .  Twenty s u b je c ts  who d id  not  
p a r t i c i p a t e  in handball  comprised the  c o n t ro l  group. Group I I  
cons is te d  o f  twenty s u b je c ts  who had never  p layed handbal l  and 
w e r e 'e n r o l  led in beg inn ing  handball  c la s s e s .  Group I I I  was com­
p r ised  o f  exper ienced  handball  p l a y e r s .
Each s u b je c t  had one session w i t h  the re se a rch e r  in which  
the s u b je c t  was f a m i l i a r i z e d  w i t h  t e s t i n g  procedures and equipment.
A t e s t i n g  session f o r  the two ex p e r im en ta l  groups co n s is te d  o f  the  
p r e s t r e s s  t e s t ,  s t r e s s  s u b je c t io n  through handball  p a r t i c i p a t i o n ,  
and the p o s ts t r e s s  t e s t .  P r e s t r e s s  t e s t s  and p o s ts t r e s s  te s ts  
measured the hand te m p e ra tu re ,  the pa in  t o l e r a n c e ,  and the hand 
volume o f  both the dominant and nondominant hands o f  each s u b je c t .
87
For the c o n t r o l  group, a t e s t i n g  session co n s is ted  o f  the p re s t r e s s  
t e s t  phase o n ly .
The same t e s t i n g  procedures and c o n d i t io n s  a p p l ie d  to  a l l  
s u b je c t s .  Each s u b je c t  was te s te d  on a r o t a t i n g  schedule in which  
one t e s t i n g  session was conducted every  two weeks,  f o r  a twelve  
week p e r io d .  Thus, each s u b je c t  accumulated a t o t a l  o f  s i x  t e s t i n g  
sessions  w i th  tw e lve  scores c o l l e c t e d  d u r in g  each s ess io n .  Control  
s u b jec ts  were te s te d  in t h i r t y  minute sess ions .  Each o f  the e x p e r i ­
mental  groups re q u i re d  a p p ro x im a te ly  one hour and f i f t e e n  minutes  
f o r  each s ess io n ,  w i t h  two s u b je c ts  te s te d  per sess ion .
Data  c o l l e c t e d  in t h i s  study were analyzed by two s ep ara te  
analyses o f  v a r ia n c e  w i t h  s p l i t - p l o t  d e s igns .  The f i r s t  a n a ly s is  
o f  d a ta  u t i l i z e d  p r e s t r e s s  hand te m peratu re  scores ,  pain  to le r a n c e  
scores ,  and hand volume scores f o r  the th r e e  groups. Charts  were  
u t i l i z e d  to  e x p l a i n  the s i g n i f i c a n t  comparisons.  The second 
a n a ly s is  o f  d a ta  u t i l i z e d  both p r e s t r e s s  and p o s ts t r e s s  scores  
f o r  each o f  the th r e e  v a r i a b l e s  f o r  Groups I I  (B eg inn ing )  and I I I  
( E x p e r ie n c e d ) .  Four m u l t i p l e  e r r o r  terms were u t i 1 i z e d - - g r o u p ,  
hand, t im e ,  and t e s t .  T h is  design a l lowed exam inat ion  o f  a l l  
p o s s ib le  combinat ions o f  the f o u r  f a c t o r s  named above f o r  each 
v a r i  a b le .
FINDINGS
The f i n d i n g s  o f  t h i s  study were as f o l l o w s ;
1. Because the  p o s t s t r e s s  tem peratu re  scores were s i g n i ­
f i c a n t l y  g r e a t e r  than the  p r e s t r e s s  tem peratu re  scores f o r  the
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two exp er im en ta l  groups, increased hand tem peratu re  was one e f f e c t  
o f  s t r e s s .
2 .  No s i g n i f i c a n t  d i f f e r e n c e s  were found between the hand 
te m perature  scores o f  the two e xper im enta l  groups, over  the tw e lve  
week p e r io d ,  thus i n d i c a t i n g  t h a t  c o n d i t io n in g  o f  hand temperature  
response d id  not occur .
3.  Because the pain  t o le r a n c e  p o s ts t re s s  scores were  
s i g n i f i c a n t l y  g r e a t e r  than the p r e s t r e s s  scores f o r  the two 
e xper im enta l  groups, an increased pain t o le r a n c e  leve l  was a 
r e s u l t  o f  s t re s s  a p p l ie d  to  the hand.
b.  The pain  t o l e r a n c e  p r e s t r e s s  score f o r  each o f  the  
two e x per im enta l  groups f o r  each t e s t i n g  session was c o n s i s t e n t l y  
h ig h e r  than t h a t  g roup 's  p r e s t r e s s  score  f o r  the preced ing  sess ion ,  
thus i n d i c a t i n g  t h a t  pa in  to le r a n c e  c o n d i t i o n i n g  increased w i t h  
each p e r io d  o f  s t r e s s .
5 .  There was a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  e x h i b i t e d  
between both the p r e s t r e s s  and p o s ts t re s s  scores f o r  pain  to le r a n c e  
l e v e l s  o f  the beg inn ing  and exper ienced s u b jec ts  over  the twe lve  
week p e r io d .
6 .  Because the hand volume p r e s t r e s s  score f o r  each o f
the two e xper im enta l  groups f o r  each t e s t i n g  session was c o n s i s t e n t l y  
h ig h e r  than t h a t  g roup 's  p r e s t r e s s  score  f o r  the preceding sess io n ,  
i t  was in d ic a te d  t h a t  hand volume c o n d i t i o n i n g  increased w i th  each 
p e r io d  o f  s t r e s s .
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7.  The hand volume p r e s t r e s s  and p o s ts t re s s  scores o f  the  
beginning s u b jec ts  showed s i g n i f i c a n t l y  g r e a t e r  increases than those  
of  the exper ienced  s u b je c ts ,  over the tw e lve  week p e r io d .
8.  That the hand which was sub jected  to  more s t re s s  responded 
more than the o t h e r  hand was shown by the dominant hand's  s i g n i f i c a n t l y  
h ig h e r  mean scores f o r  te m p e ra tu re ,  pain  t o l e r a n c e ,  and volume than the  
nondominant hand f o r  the two e xpe r im enta l  groups.
9 .  Scores f o r  the c o n t ro l  s u b je c ts  remained about the same 
f o r  a l l  th re e  v a r i a b l e s  over  the tw e lve  week t e s t i n g  p e r io d ,  i n d i ­
c a t in g  t h a t  w i t h o u t  s t re s s  s i g n i f i c a n t  c o n d i t io n in g  d id  not occur and 
responses remained n e a r ly  the same.
DISCUSSION OF THE FINDINGS
I t  was b e l ie v e d  t h a t  the f i n d i n g s  o f  t h i s  study r e in f o r c e d  
the v a l i d i t y  o f  the in fo rm a t io n  found in the l i t e r a t u r e  which r e la t e d  
to tem peratu re ,  pain  t o l e r a n c e ,  and volume o f  the hand. As these  
th r e e  responses were observed over  the tw e lve  week t e s t i n g  p e r io d ,  
v ar io u s  f i n d i n g s  were made, as s ta te d  above.
As in d ic a te d  in the l i t e r a t u r e ,  pre  and p o s ts t r e s s  t e s t  
scores f o r  te m p e ra tu re ,  show t h a t  w i t h  increased p h y s ic a l  a c t i v i t y  
and w i th  repeated blows to  the hands, a h ig h e r  degree of  heat is  
ra d ia te d  from the hand. This  f i n d i n g  in d ic a t e s  t h a t  when e x t e r n a l  
s t re s s  is e x e r te d  upon the hand, t h i s  body p a r t  responds to  the  
s t re s s  w i th  h ig h e r  tem p e ra tu re .  Th is  increased tem peratu re  can be 
a p r o t e c t i v e  f u n c t io n  which could serve  as a v a lu a b le  purpose in 
d e t e c t in g  d is ea s e  o r  i n j u r y  in the hand.
OLher than t h i s  c o n s i s t e n t l y  h ig h e r  post than p re s t re s s  
score ,  the temperatu re  scores in d ic a te d  no d e f i n i t e  p a t t e r n  or  
trend and very  l i t t l e  v a r i a t i o n  over the tw e lve  week t e s t i n g  
p e r io d .  A t  the end o f  t h i s  per io d  the l a s t  temperature  scores  
were not s i g n i f i c a n t l y  h ig h e r  than the f i r s t  scores; t h e r e f o r e ,  
i t  can be concluded t h a t  th e r e  were no c o n d i t i o n i n g  f a c t o r s  f o r  
hand te m perature  over  a s p e c i f i e d  t ime p e r io d .
The scores o f  the two e xp e r im en ta l  groups,  the beg inn in g  
and exper ienced  p l a y e r s ,  e x h i b i t e d  no s i g n i f i c a n t  d i f f e r e n c e s  in 
hand tem p e ra tu re .  Again ,  t h i s  f i n d i n g  supports  the e a r l i e r  f i n d i n g  
which r e f u t e s  c o n d i t i o n i n g  e f f e c t s .  The exper ien ced  p l a y e r s 1 hands 
could have been c o n d i t io n e d  w i t h  regard to  te m p e ra tu re ,  i f  i t  were  
p o s s ib le ;  however, s in ce  no s i g n i f i c a n t  d i f f e r e n c e  e x i s t e d  between 
the  two e xp e r im en ta l  groups,  the e xp e r ien c e  o f  one group was not a 
f a c t o r  in regard to  hand te m perature  response.
When pain  t o le r a n c e  scores were a n a ly z e d ,  i t  was found t h a t  
scores o f  the two e xper im enta l  groups were s i g n i f i c a n t l y  h ig h e r  f o r  
the p o s ts t r e s s  phase than f o r  the p r e s t r e s s  phase. Th is  increased  
pain  t o le r a n c e  l e v e l  i n d i c a t e s  t h a t  a f t e r  the hand is  sub jec ted  to  
s t r e s s  in the form o f  blows, i t s  combinat ion o f  responses causes 
the pa in  a la rm to a l l o w  e x t r a  c h a l le n g e  to  be p laced on the hand.  
Such a f a l s e  measure o f  s e c u r i t y  should be noted in o rd e r  to  guard 
a g a in s t  damage to  the hand which co u ld .b e  caused by t e m p o r a r i l y  
ra is ed  pa in  t o le r a n c e .
U n l i k e  te m p e ra tu re ,  pain  t o l e r a n c e  in the  hand is s u b je c t  
to p o s s ib le  c o n d i t i o n i n g .  This  supports  the  f i n d i n g s  of
Beecher and Ryan and Kovacic  who s a id  repeated exposures to an 
a c t i v i t y  could produce c o n d i t i o n i n g  e f f e c t s .  Each o f  the group 's  
p r e s t r e s s  mean scores was c o n s i s t e n t l y  h ig h e r  than the preceding  
s e s s io n 's  p r e s t r e s s  score .  This  in c rea se  in scores from one t e s t i n g  
session to another  shows t h a t  c o n d i t i o n i n g  o f  the hands is  a process  
which takes  p la ce  w i th  each exposure to  s t r e s s .
The beg inning e xp e r im en ta l  group ( I I ) had s i g n i f i c a n t l y  
h ig h e r  pa in  to le r a n c e  l e v e ls  than the exper ienced  group ( I I I )  over  
the t e s t i n g  p e r io d .  Pain  to le r a n c e  l e v e ls  f o r  beg inn ing  p la y e rs  
s t a r t e d  low on the s c a le  and e x h i b i t e d  a dom ina nt ly  l i n e a r  increase  
from the f i r s t  to the end o f  the t e s t i n g  p e r io d .  On the o t h e r  hand,  
the exper ienced  p l a y e r s '  pa in  t o le r a n c e  le v e l  s t a r t e d  h ig h e r  on the  
s c a l e ,  increased a t  a l e s s e r  a n g le ,  and le v e le d  o f f  much e a r l i e r  
than t h a t  o f  the beg inn in g  p l a y e r s .  The beg inn ing  p la y e rs  p o s s ib ly  
were e x p e r ie n c in g  the  c o n d i t i o n i n g  which could have taken p lace  
b e fo re  t h i s  study w i t h  the  exper ienced  p la y e r s .
F ind ings  on hand volume c l o s e l y  correspond w i t h  those o f  
pain  t o l e r a n c e .  Each group 's  pre  and p o s ts t r e s s  mean scores were  
c o n s i s t e n t l y  h ig h e r  than the  preced ing  s e s s io n s 's  s cores .  Th e re ­
f o r e ,  a g a in ,  the re se a rch e r  p o in ts  to  ev idence  t h a t  c o n d i t i o n i n g  
e f f e c t s  b u i l d  up w i th  each s t re s s  p e r io d .
^Henry K. Beecher,  "The Measurement o f  P a i n , "  Pharmacologica l  
Reviews. 9 : 5 9 - 2 0 9 ,  March,  1957.
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E. Dean Ryan and Char les  R. Kovacic ,  "P a in  T o le ran ce  and 
A t h l e t i c  P a r t i c i p a t i o n , "  Perc ep tua l  and Motor S k i l l s , 2 2 : 3 8 3 - 3 9 0 ,
A p r i 1, 1966.
A gain ,  a l s o ,  the beg inn in g  p l a y e r s 1 group showed a h igher  
and more s teady in c re ase  (d o m in an t ly  l i n e a r  a ls o )  in hand volume 
than the exper ienced  group. The exper ienced  p la y e rs  p o s s ib ly  had 
a l r e a d y  undergone the c o n d i t i o n i n g  process the beg inning  group was 
undergoing.  The volume o f  the hand increases  a f t e r  successive  blows 
to the hand and the r a t e  o f  in c rea se  decreases  as the  hand a d ju s ts  
or c o n d i t io n s  i t s e l f  to  blows.
The dominant hand c o n s i s t e n t l y  e x h i b i t e d  h ig h e r  scores f o r  
a l l  th re e  observed responses.  Th is  could  have been due to  the  h ig h e r  
r a t e  o f  s t r e s s  and a c t i v i t y  o f  the dominant hand.
While  the two ex p e r im en ta l  groups were undergoing numerous 
changes in t h e i r  responses to  s t r e s s ,  the  scores f o r  the c o n t ro l  
su b je c ts  remained n e a r l y  the  same f o r  a l l  th re e  v a r i a b l e s  over  the  
twe lve  week t e s t i n g  p e r io d .  The s t r e s s  o f  repeated blows and the  
r e la t e d  p h ys ic a l  a c t i v i t y  appeared to  be the bas is  f o r  the var io u s  
responses o f  te m p e ra tu re ,  pa in  t o l e r a n c e ,  and volume o f  the hand.
This  study had no f i n d i n g s  which d i f f e r e d  from f i n d i n g s  o f  
the s tu d ie s  in the  l i t e r a t u r e  examined. The hand responds to  s t re s s  
in ways which can be observed and s t u d i e d .
CONCLUSIONS
W i th in  the l i m i t a t i o n s  o f  t h i s  study the f o l l o w i n g  conclus ions  
appear to  be j u s t i f i e d :
1. There are  no c o n d i t i o n i n g  e f f e c t s  in regard to  temperatu re  
however,  p o s t s t r e s s  t e s t  scores a re  h ig h e r  than p r e s t r e s s  t e s t  scores .
sk
2.  For one who is  beg inning  to  p a r t i c i p a t e  in an a c t i v i t y  
f o r  an extended t ime p e r io d ,  pa in  t o l e r a n c e  and hand volume are  
increased as a r e s u l t  o f  a program o f  r e g u la r  exposure to  repeated  
s t r e s s .
3.  Because the dominant hand is used more and rece iv e s  more 
s t r e s s ,  i t  shows g r e a t e r  te m p e ra tu re ,  pa in  t o l e r a n c e ,  and volume 
responses than the  nondominant hand.
k .  As the hand becomes c o n d i t io n e d  to  s t r e s s ,  i t s  pa in  to le r a n c e  
and volume do not inc re ase  as much in the p o s ts t re s s  t e s t i n g ,  as they  
d id  when the a c t i v i t y  was f i r s t  s t a r t e d .
5. I t  appears t h a t  the s w e l l i n g ,  as caused by repeated blows,  





A l l e n ,  Edgar and Hines B a rke r .  P e r ip h e r a l  D is e a s e s . P h i l a d e l p h i a :  
W. B. Saunders C o . ,  19^7-
A s t ra n d ,  P e r - O l o f  and Kaare Rodahl.  Textbook o f  Work P h y s io lo g y . 
New York: McGraw H i l l  Book C o . ,  1970.
C l a r k e ,  H. H a r r i s o n .  C ab le -Tens ion  S t re n g th  T e s t s . Chicopee,  
Mass.:  Brown-Murphy C o . ,  1953.
Muscular S t ren g th  and Endurance In Man. Englewood
C l i f f s ,  New Jersey:  P r e n t i c e - H a l 1, I n c . ,  1966.
de V r i e s ,  H e rb e r t  A. Phys io logy  o f  Exerc ise  f o r  Physical
Educat ion and A t h l e t i c s . Dubuque, Iowa: W i l l i a m  C. Brown
Co. P u b l is h e r s ,  1966.
D i e n h a r t ,  C h a r l o t t e  M. Basic  Human Anatomy and P h y s io lo g y . 
P h i l a d e l p h i a :  W. B. Saunders Co . ,  1967.
F unkenste in ,  D an ie l  H . , S ta n le y  H. K ing,  and Margaret  E. D r o l e t t e .  
Mastery  o f  S t r e s s . Cambridge: Harvard U n i v e r s i t y  Press ,  1957.
G a r r e t t ,  Henry E. S t a t i s t i c s  in Psychology and E d u c a t io n . New 
York: Dav is  McKay C o . ,  I n c . ,  1966.
Guyton, A r th u r  C. Basic Human Phys io logy :  Normal Functions and
Mechanism o f  D is e a s e . P h i l a d e l p h i a :  W. B. Saunders C o . ,  1971.
Hardy,  James D . ,  Harold G. W o l f f ,  and Helen Goodel1. Pain
Sensations and R e a c t io n s . B a l t im o r e :  W i l l ia m s  and W i lk in s
Co . ,  1952.
King,  Barry  G. and Mary Jane Showers. Human Anatomy and P h y s io lo g y . 
P h i l a d e l p h i a :  W. B. Saunders C o . ,  1969.
McDowall ,  R. J .  S. Handbook o f  Phys io logy  and B io c h e m is t ry . 
P h i l a d e l p h i a :  B la k is t o n  C o . ,  1951.
P e t r i e ,  Asenath .  I n d i v i d u a l i t y  in Pain and S u f f e r i n g . Chicago:
The U n i v e r s i t y  P ress ,  1967.
S e ly e ,  Hans. The S t re ss  o f  L i f e . New York:  McGraw H i l l  Book C o . ,
I n c . ,  1956.
Slernbach ,  Richard A. Pain;  A Psychophysio log ica l  A n a l y s i s . New 
York;  Academic Press', 1968.
Weber, Jerome C. and David R. Lamb. S t a t i s t i c s  and Research in 
Phys ica l  E d u c a t io n . S t .  Louis ;  The C. V. Mosby C o . ,  1970.
B. PERIODICALS
A l b e r t ,  S. M . , M. Glickman, and M. K a l l i s h .  "Thermography in 
O rth o p e d ic s ,"  Annals o f  New York Academy o f  S c ie n c es , 121:
157-170 (O ctober ,  1964).
Baker,  Lawrence M. and W i l l i a m  M. T a y l o r .  "The R e la t io n s h ip
Under S t ress  Between Changes in Skin Temperature ,  E l e c t r i c a l  
Skin R e s is ta n c e ,  and Pulse R a te . "  Journal  o f  Exper imenta l  
Psychology , 4 8 : 3 6 1 - 3 6 6  (November, 1954).
Barnes, R. Bowling.  " D e te r m in a t io n  o f  Body Temperature  by I n ­
f r a r e d  Emiss ion,"  Journal  o f  A pp l ied  P h y s io lo g y , 2 2 ;1 1 4 3 -  
1146 (June,  1967) .
_________ . "Thermography,"  Annals o f  New York Academy o f  S c ie n c e s ,
1 21 :3 4 -48  (O c tober ,  1964 ) .  !
Beecher,  Henry K. "The Measurement o f  P a i n , "  Pharmacologica l  
Reviews, 9 : 5 9 - 2 0 9  (March,  1957).
B l i t z ,  Bernard ,  A l b e r t  J .  D i n n e r s t e i n ,  and M i l t o n  Lowenthal .  
" R e l a t i o n s h i p  Between Pain To le rance  and K i n e s t h e t i c  S ize  
Judgment," P erceptua l  and Motor S k i l l s , 2 2 :4 6 3 -4 6 9  ( A p r i l ,  1 966 ) .
Boas, Norman F.  "Thermography in Rheumatoid A r t h r i t i s , "  Annals o f  
New York Academy o f  S c ie n c es , 121 :223-234  (O ctober ,  1964) .
C h i r i c u t a ,  Mar ia  B. and S. Bologa O p r is .  "The C o r r e l a t i v e  Value  
o f  Thermometry and the Glucose To le rance  Test  in Cancer o f  the  
B r e a s t , "  Romanian Medical  Review, 1 5 :73 -7 6  ( A p r i l - J u n e ,  1971)-
C l a r k ,  James W. and D a l b i r  B indra .  " I n d i v i d u a l  D i f f e r e n c e s  in 
Pain T h r e s h o ld , "  Canadian Journal  o f  Psychology, 10 :6 9 -7 6  
(June,  1956).
Davidson,  P. 0.  and C. Evalyne A. McDougall .  "The G e n e r a l i t y  o f  
Pain T o le r a n c e , "  Journal  o f  Psychosomatic Research, 13 :8 3 -8 9  
(March,  1969) -
Evans,  F r e d e r i c k  and Thomas H. McGlashan. "Work and E f f o r t  Dur ing  
P a i n , "  Perc ep tu a l  and Motor S k i l l s , 2 5 :7 9 4  (December,  1967).
G e l fan d ,  S idney.  "The R e la t io n s h ip  o f  Exper imenta l  Pain  To le rance  
to Pain T h r e s h o ld , "  Canadian Journal  o f  Psychology . 18 :36 -42  
(March,  1964) .
__________, L. P. Ul lmann, and L. Krasner .  "The Placebo Response:
An Exper imenta l  Approach ,"  Journal  o f  Nervous and Mental  D is e a s e . 
136:379-387  ( A p r i l ,  1963) .
Gershon-Cohen, J . ,  Jo Ann D. Haberman-Brueschke, and E r ich  E. 
Brueschke.  "Medica l  Thermography: A Summary o f  C urren t
S t a t u s , "  The R a d io lo g ic  C l i n i c s  o f  North  A m e r ica , 3 : 4 0 3 -  
431 (December,  1965)7
Hardy,  J .  D . ,  H. G. W o l f f ,  and Helen G oode l l .  " S tu d ie s  on P a in :
A New Method f o r  Measuring Pain Thresho ld :  Observat ions on the  
S p a t i a l  Summation o f  P a i n , "  Journal  o f  C l i n i c a l  I n v e s t i g a t i o n , 
1 9:64 9 -660  (Ju ly -Novem ber , 1940) .
H o r is b e r g e r ,  Bruno and Simon Rodbard. " R e l a t i o n  Between Pain  and 
F a t ig u e  in C o n t r a c t in g  Ischemic M us c le ,"  The American Journal  
o f  C a r d i o l o g y , 8 : 4 8 1 - 4 8 4  (O c tober ,  1961) .
Lambert ,  W al lace  E . , Eva Libman, and Ernest G. Poser .  "The E f f e c t  
o f  Increased S a l ie n c e  o f  a Membership Group on Pain  T o le r a n c e ,"  
Journal  o f  P e r s o n a l i t y . 2 8 : 3 5 0 -3 5 7  (September,  i 960) .
M i t c h e l l ,  D . , C. H. Wyndham, and T.  Hodgson. " E m i s s i v i t y  and 
Tra n s m i t ta n c e  o f  Excised Human Skin  in I t s  Thermal Emission  
Wave Band," Journal  o f  A pp l ie d  P h y s io lo g y , 2 3 : 3 9 0 -3 9 4  
(September,  1967) •
P e t r i e ,  Asenath ,  W a l t e r  C o l l i n s ,  and P h i l i p  Solomon. "P a in  
S e n s i t i v i t y ,  Sensory D e p r i v a t i o n  and S u s c e p t i b i l i t y  to  
S a t i a t i o n , "  S c ie n c e . 128 :1431-1433  (December,  1958) .
__________, W a l te r  C o l l i n s ,  and P h i l i p  Solomon. "The To le rance
f o r  Pain and Sensory D e p r i v a t i o n , "  The American Journal  o f  
Psychology , 7 3 : 8 0 - 9 0  (March,  i 960) .
Poser ,  Ernest G. "A Simple  and R e l i a b l e  Apparatus f o r  the  
Measurement o f  P a i n , "  American Journal  o f  Psychology . 75:
304 -305  (June,  1 962 ) .
R a t c l i f f ,  J.  D. " I  am J o e 's  Hand," R eader 's  D i g e s t , 102 :7 9 -82  
(J a n u ary ,  1973) .
R ic h ard s ,  D o r is  K. "A Two-Factor  Theory o f  the Warm-Up E f f e c t  in 
Jumping P er fo rm anc e ,"  The Research Q u a r t e r l y , 3 9 :6 6 8 -6 7 3  
(O c to b e r ,  1968) .
Ryan, E. Dean and Char les  R. Kovacic .  "P a in  To le rance  and A t h l e t i c  
P a r t i c i p a t i o n , "  Perce p tua l  and Motor S k i l l s , 2 2 : 3 8 3 -3 9 0  ( A p r i l ,  
1966).
Sabin ,  Thomas B. "Temperature-1 . inked Sensory Loss: A Unique
P a t t e r n  in Leprosy ,"  Arch ives  o f  N e uro logy , 2 0 :2 5 7 -2 6 2  
(March,  1969).
S a l t i n ,  B . ,  A. P. Gagyne, and J .  A. J .  S t o l w i j k .  "Muscle Temper­
a tu re  Dur ing Submaximal Exerc ise  in Man," Journal  o f  App1 ied 
P h y s io lo g y , 2 5 :6 7 9 -6 8 8  (December, 1968).
Shimkin,  Michael  B. "Summary (o f  Thermography), "  Anna!s o f  New 
York Academy o f  S c ien ces , 121 :301-303  (October"] 1964) .
S t o l l ,  A l i c e  M. "Techniques and Uses o f  Skin Temperature  Measure­
ments ,"  Annals o f  New York Academy of  S c ie n c es , 121 :49 -5 5  
(O ctober ,  1964).
Thorn,  George W. "Approach to  the P a t i e n t  w i th  ' I d i o p a t h i c  Edema* 
o r  'P e r i o d i c  S w e l l i n g , * "  Journal  o f  American Medical  A s s o c i a t i o n , 
2 06 :3 3 3 -3 3 8  (O c tobe r ,  19687]
W i l l i a m s ,  K. L loyd.  " I n f r a r e d  Thermometry as a Tool in Medical  
Research ,"  Annals o f  New York Academy o f  S c ie n c es , 121 :99 -1 12  
(O ctober ,  1964).
Winsor ,  T r a v is  and Jesus Bendezu. "Thermography and the P e r ip h e r a l  
C i r c u l a t i o n , "  Annals o f  New York Academy o f  S c ie n c e s , 121 :135-158  
(O ctober ,  1964).
C. UNPUBLISHED MATERIALS
C h r i s t i a n ,  Vaughn K. " E f f e c t s  o f  Non-Occluded and Occluded Blood
C i r c u l a t i o n  Upon the D u ra t io n  and Recovery o f  Submaximal E xerc is e  
o f  High and Low S trength  I n d i v i d u a l s . "  Unpublished D oc tora l  
d i s s e r t a t i o n ,  Lou is ia n a  S ta te  U n i v e r s i t y ,  1971.
D a n i e l s ,  A l i c e  D. " P a in  T o le ranc e  and Card iac  Response to  Pa in  of  
Low and High Anxious Sub jects  Before and A f t e r  E x e r c is e . "  
Unpublished D oc tora l  d i s s e r t a t i o n ,  Lo u is ia n a  S ta te  U n i v e r s i t y ,  
1972.
Moore,  James L. " E f f e c t s  o f  Se lec ted  P h y s io lo g ic a l  F ac to rs  Upon
Pain Threshold and Pain To le rance  in C o l le g e  M a le s . "  Unpublished  




D. ENCYCLOPEDIA AND PUBLICATIONS
. H. "Hand."  World Book E n cy c lo p e d ia , 1955,  Volume V I I I .
, He len.  "Hand V o lu m e t e r . "  C a r v i l l e ,  L o u is ia n a :  U. S. P u b l ic




SPEECH GIVEN TO FIRST AID CLASSES 
FOR ENLISTING SUBJECTS 
FOR CONTROL GROUP
My name is  Lonnie Davis  and I am a graduate  s tudent  in phys ica l  
educat ion  here a t  Lou is ian a  S ta te  U n i v e r s i t y .  At t h i s  t im e ,  I am ready  
to conduct e xpe r im enta l  research  f o r  a d i s s e r t a t i o n .  Male s u b jec ts  
are  requ ired  f o r  t h i s  research and t h i s  is why I am speaking w i th  you.
I hope t h a t  some o f  you w i l l  v o l u n t e e r  to  p a r t i c i p a t e  in t h i s  s tudy.
The research concerns hand responses to  repeated blows which  
w i l l  occur d u r in g  handball  p a r t i c i p a t i o n .  Responses w i l l  be measured 
in terms o f  hand te m p e ra tu re ,  pain  t o l e r a n c e  le v e l  o f  the hand, and hand 
volume. Your p a r t  would be to  p a r t i c i p a t e  as c o n t r o l  s u b je c ts ;  t h e r e ­
f o r e ,  you would not be asked to  p la y  h a n d b a l l .  I f  you v o lu n t e e r  to  
h e lp ,  I would need to  meet w i th  you seven t imes over a twe lve  week 
p e r io d ,  w i th  each meet ing l a s t i n g  a p p ro x im a te ly  t h i r t y  m inutes .  These 
sessions would be held once every  two weeks beginning t h i s  week.
Your he lp  is v a lu a b le  to  me and to  the research being done.
I f  you v o l u n t e e r ,  s p e c i f i c s  w i l l  be e x p la in e d  a t  the f i r s t  sess ion.
Your p a r t i c i p a t i o n  could a ls o  prove b e n e f i c i a l  to  you. I t  would g ive  
you an o p p o r t u n i t y  to  gain i n s i g h t  i n t o  research  procedures and, i f  
you would l i k e ,  I w i l l  a r range  to  g ive  you the r e s u l t s  o f  the study  
in w r i t t e n  form. I f  you a re  in t e r e s t e d  in p a r t i c i p a t i o n  in the study  
and can meet w i t h  me f o r  a l l  sess ions ,  I would be g r a t e f u l  f o r  your  
a s s is t a n c e .
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APPENDIX B
SPEECH GIVEN TO BEGINNING HANDBALL CLASSES 
FOR ENLISTING SUBJECTS FOR 
FIRST EXPERIMENTAL GROUP
My name is Lonnie Davis and I am a graduate  s tudent  in physica l  
educat ion  here a t  L ou is iana  S ta te  U n i v e r s i t y .  At t h i s  t im e ,  I am ready  
to conduct e xpe r im enta l  research f o r  a d i s s e r t a t i o n .  Male sub jec ts  
are  re q u i re d  f o r  t h i s  research and t h i s  is  why I am speaking w i th  you.
I hope t h a t  some of  you w i l l  v o lu n t e e r  to  p a r t i c i p a t e  in t h i s  s tudy .
The research concerns hand responses to  repeated blows which  
w i l l  occur d u r in g  handball  p a r t i c i p a t i o n .  Responses w i l l  be measured 
in terms o f  hand te m p e ra tu re ,  pa in t o le r a n c e  lev e l  o f  the hand, and hand 
volume. Your p a r t  would be to p a r t i c i p a t e  in an e xper im enta l  group;  
t h e r e f o r e ,  i t  is necessary t h a t  you be a beg inning  handball  p l a y e r ,  w i th  
no pre v io u s  e xp er ien ce  w i th  the game. I f  you v o lu n te e r  to  h e lp ,  I would 
need to meet w i t h  you seven t imes over  a tw e lve  week p e r io d ,  w i th  each 
meet ing l a s t i n g  ap p ro x im a te ly  one hour and f i f t e e n  minutes .  These 
sessions would be held once every  two weeks,  beginning t h i s  week.
Your he lp  is  v a lu a b le  to  me and to  the research  being done. I f  
you v o l u n t e e r ,  s p e c i f i c s  w i l l  be e x p la in e d  a t  the f i r s t  sess ion .  Your 
p a r t i c i p a t i o n  could a ls o  prove b e n e f i c i a l  to  you. I t  would g iv e  you an 
o p p o r t u n i t y  to gain  i n s ig h t  in t o  research  procedures and, i f  you would 
l i k e ,  I w i 11 ar range  to  g ive  you the r e s u l t s  o f  the study in w r i t t e n  form.  
I f  you a re  in t e r e s t e d  in p a r t i c i p a t i o n  in the study and can meet w i th  
me f o r  a l l  sess ions ,  I would be g r a t e f u l  f o r  your a s s is t a n c e .
APPENDIX C
PERSONAL DATA SHEET FOR THE TESTING PERIOD
NAME________  AGE______  PHONE NO.
GROUP DATE ROOM TEMPERATURE
DOMINANT HAND: RIGHT LEFT
END OF WEEK 2 END OF WEEK k




ND 1 D ND D
Temperature  
ND 1 D ND
D
l
Pain  T o le rance  
ND 1 D ND D
1
Pain T o le rance  




ND i D ND D
1
Hand Volume 
ND i D ND
l 1
END OF WEEK 6 END OF WEEK 8




ND 1 D ND D
Temperature  
ND 1 D ND
D
1
Pain Tolerar ice  
ND 1 D ND D
1
Pain T o le ran c e  




ND i D ND D
1
Hand Volume 
ND I D ND
1 1
END OF WEEK 10 END OF WEEK 12
Pre 1 1 Post Pre J Post
D
Temperature  
ND 1 D ND D
Temperature  
ND 1 D ND
D
1
Pain T o le ran c e  
ND 1 D ND D
Pain T o le rance  




ND i D ND D
1
Hand Volume 
ND I D  ND
I .. . . . .  , 1  ..................................................... -
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APPENDIX D
MEANS FOR THE PRESTRESS TEST ANALYSIS OF 
VARIANCE COMPARISONS FOR THE CONTROL, 
BEGINNING AND EXPERIENCED GROUPS 
FOR EACH OF THE THREE VARIABLES
Groups Time Hand
1 = Contro l 1 = end o f  2nd week I = Domi na n t
2 = Beginning 2 = end o f  4 t h  week 2 = Nondominant
3 = Exper ienced 3 = end o f  6 th  week
4 = end o f  8 t h  week Test
5 = end o f  10th week
6 = end o f  12th week 1 = P r e s t r e s s
•
2 = P o s t s t re s s
N TEMPERATURE PAIN"~V VOLUME^
OVERALL MEANS 720 30.61 82 474
GROUP N TEMPERATURE PAIN VOLUME
1 240 3 0 .6 4 81 470
2 240 3 0 .7 0 85 483
3 240 3 0 .4 9 81 470
HAND N TEMPERATURE PAIN VOLUME
1 360 3 0 .6 5 83 482
2 360 3 0 .5 7 80 466
GROUP HAND N TEMPERATURE PAIN VOLUME
1 1 120 3 0 .6 7 82 477
1 2 120 3 0 .6 0 79 464
2 1 120 3 0 .7 2 86 492
2 2 120 30 .67 83 473
3 1 120 3 0 .5 6 82 478
3 2 120 3 0 .4 3 80 462
*Measured in degrees c e n t ig r a d e  
* * Measured in ten s io m e te r  u n i t s  







































APPENDIX D ( c o n t i n u e d )
N TEMPERATURE PAIN
120 3 0 .75 79
120 3 0 .6 4 80
120 3 0 .6 2 82
120 3 0 .5 4 83
120 3 0 .5 2 84
120 3 0 .6 0 85
TIME N TEMPERATURE PAIN
1 ko 3 0 .8 7 80
2 ko 3 0 .7 9 81
3 ko 3 0 .5 4 81
4 ko 3 0 .7 4 81
5 ko 3 0 .3 7 81
6 ko 3 0 .5 3 80
1 ko 3 0 .8 0 77
2 ko 3 0 .7 4 81
3 ko 3 0 .7 3 83
4 ko 3 0 .4 6 87
5 ko 3 0 .6 9 90
6 ko 3 0 .7 7 91
1 ko 3 0 .5 7 78
2 ko 3 0 .3 9 80
3 ko 3 0 .5 8 81
4 ko 3 0 .4 2 81
5 ko 3 0 .5 0 81
6 ko 3 0 .5 2 83
TIME N TEMPERATURE PAIN
1 60 3 0 .7 9 80
2 60 30.66 82
3 60 3 0 .6 4 83
4 60 3 0 .5 8 84
5 60 3 0 .5 8 85
6 60 3 0 .6 6 86
1 60 30.71 77
2 60 30.61 79
3 60 3 0 .6 0 80
4 60 3 0 .5 0 81
5 60 3 0 .4 5 83















































































































3 0 .5 8 82
30 .75 82
30 .43 82
3 0 .5 9 82
3 0 .8 2 79
3 0 .8 0 79
30.51 79
3 0 .73 79
3 0 .3 0 80
30 .47 79
3 0 .8 0 78
3 0 .78 82
3 0 .7 2 84
3 0 .4 9 88
3 0 .7 4 92
3 0 .82 94
30.81 76
3 0 .7 0 80
3 0 .7 3 82
3 0 .43 85
3 0 .6 4 88
30 .72 89




3 0 .5 9 82
30 .58 84
3 0 .5 0 77
30 .35 79
30 .55 80
3 0 .3 2 80
3 0 .4 2 80
3 0 .4 5 81
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APPENDIX E
MEANS FOR THE PRE AND POSTSTRESS TEST 
ANALYSIS OF VARIANCE COMPARISONS OF 
THE BEGINNING AND EXPERIENCED 
GROUPS FOR EACH OF THE 
THREE VARIABLES
N TEMPERATURE PAIN VOLUME
OVERALL MEANS 960 3 1 .3 9 85 484
GROUP N TEMPERATURE PAIN VOLUME
2 480 3 1 .5 0 88 490
3 480 3 1 .2 9 83 478
HAND N TEMPERATURE PAIN VOLUME
1 480 3 1 .4 7 87 494
2 480 3 1 .3 2 84 474
GROUP HAND N TEMPERATURE PAIN VOLUME
2 1 240 3 1 .5 7 89 500
2 2 240 3 1 .4 4 86 480
3 1 240 3 1 .3 6 84 487
3 2 240 31.21 82 468
TIME N TEMPERATURE PAIN VOLUME
1 160 3 1 .4 0 80 475
2 160 31 .33 82 481
3 160 3 1 .4 9 85 483
4 160 3 1 .3 0 87 485
5 160 31 .42 88 488
6 160 3 1 .4 3 90 491
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APPENDIX E ( c o n t i n u e d )
GROUP TIME N TEMPERATURE PAIN VOLUME
2 1 80 31.51 79 478
2 2 80 3 1 .4 9 83 483
2 3 80 3 1 .6 0 86 489
2 4 80 31 .32 90 493
2 5 80 3 1 .5 4 93 497
2 6 80 31 .57 95 500
3 1 80 31 .28 80 471
3 2 80 31 .17 82 479
3 3 80 3 1 .3 9 83 477
3 4 80 3 1 .2 9 83 477
3 5 80 3 1 .3 0 83 479
3 6 80 3 1 .2 9 85 482
HAND TIME N TEMPERATURE PAIN VOLUME
1 1 80 3 1 .45 81 484
1 2 80 3 1 .4 0 83 492
1 3 80 3 1 .5 6 86 492
1 4 80 3 1 .3 9 88 495
1 5 80 31.51 90 498
1 6 80 3 1 .5 0 92 501
2 1 80 3 1 .3 4 78 465
2 2 80 3 1 .26 81 470
2 3 80 31 .43 83 473
2 4 80 3 1 .2 2 85 476
2 5 80 31 .33 87 479
2 6 80 3 1 .3 6 88 482
GROUP HAND TIME N TEMPERATURE PAIN VOLUME
2 1 1 4o 3 1 .5 6 80 488
2 1 2 ko 3 1 .5 6 84 493
2 1 3 ko 31 .65 88 499
2 1 4 ko 3 1 .4 0 92 503
2 1 5 ko 3 1 .6 2 95 508
2 1 6 ko 3 1 .6 4 97 511
2 2 1 ko 3 1 .4 7 78 469
2 2 2 ko 3 1 .4 2 82 474
2 2 3 ko 3 1 .5 5 85 479
2 2 4 ko 3 1 .2 4 88 483
2 2 5 ko 3 1 .4 6 91 487



































APPENDIX E ( c o n t i n u e d )
TIME N TEMPERATURE PAIN
1 40 3 1 .3 5 81
2 40 3 1 .2 4 82
3 40 3 1 .4 6 84
4 40 3 1 .4 0 85
5 40 3 1 .4 0 84
6 40 31 .37 86
1 40 31.21 79
2 40 3 1 .1 0 81
3 40 3 1 .3 2 82
40 3 1 .2 0 82
5 40 31.21 82
6 40 3 1 .2 2 84
N TEMPERATURE PAIN
480 3 0 .6 0 83
480 3 2 .1 9 88
TEST N TEMPERATURE PAIN
1 240 3 0 .7 0 85
2 240 32.31 90
1 240 3 0 .4 9 81
2 240 3 2 .0 8 85
TEST N TEMPERATURE PAIN
1 240 3 0 .6 4 84
2 240 3 2 .2 9 89
1 240 3 0 .5 5 81
2 240 3 2 .1 0 86
HAND TEST N TEMPERATURE PAIN
1 1 120 3 0 .7 2 86
1 2 120 3 2 .42 92
2 1 120 3 0 .67 83
2 2 120 32.21 89
1 1 120 3 0 .5 6 82
1 2 120 3 2 .17 86
2 I 120 3 0 .4 3 80











































APPENDIX E ( c o n t i n u e d )
TEST N TEMPERATURE PAIN
1 80 3 0 .69 78
2 80 3 2 .1 0 82
1 80 3 0 .5 7 80
2 80 3 2 .1 0 85
1 80 3 0 .6 6 82
2 80 3 2 .3 4 87
1 80 3 0 .4 4 84
2 80 32 .17 89
1 80 3 0 .5 9 85
2 80 32 .25 91
1 80 3 0 .6 4 87
2 80 3 2 .22 93
TIME TEST N TEMPERATURE PAIN
1 1 40 3 0 .8 0 77
1 2 40 32.22 81
2 1 40 3 0 .7 4 81
2 2 40 3 2 .2 4 85
3 1 40 30 .73 83
3 2 40 32 .47 89
4 1 40 3 0 .4 6 87
4 2 40 32 .17 93
5 1 40 3 0 .6 9 90
5 2 40 3 2 .3 9 96
6 1 40 30.77 91
6 2 40 3 2 .3 8 98
1 1 40 3 0 .5 7 78
1 2 40 32.00 82
2 1 40 3 0 .3 9 80
2 2 40 31 .95 84
3 1 40 30 .58 81
3 2 40 3 2 .2 0 85
4 1 40 3 0 .4 2 81
4 2 40 3 2 .1 6 86
5 1 40 3 0 .5 0 81
5 2 40 32.11 86
6 1 40 3 0 .52 83
6 2 40 3 2 .0 6 87
TIME TEST N TEMPERATURE PAIN
1 1 40 3 0 .7 2 79
1 2 40 3 2 .1 0 83
2 1 40 3 0 .6 0 81










































APPENDIX E ( c o n t i n u e d )
TIME TEST N TEMPERATURE PAIN VOLUME
3 I 40 3 0 .6 6 83 484
3 2 40 3 2 .4 5 89 501
4 1 40 3 0 .5 0 85 487
4 2 40 32 .28 91 502
5 1 40 3 0 .6 6 87 490
5 2 40 32 .35 92 505
6 1 40 3 0 .7 0 89 493
6 2 40 3 2 .3 0 94 509
1 1 40 3 0 .6 6 76 459
1 2 40 3 2 .0 2 80 472
2 1 40 3 0 .5 2 79 464
2 2 40 3 2 .0 0 84 476
3 1 40 3 0 .6 4 81 467
3 2 40 3 2 .2 2 86 480
4 1 40 3 0 .3 8 82 469
4 2 40 3 2 .0 6 88 483
5 1 40 30 .53 84 472
5 2 40 3 2 .1 4 89 485
6 1 40 3 0 .5 9 85 475
6 2 40 3 2 .1 4 91 488
HAND TIME TEST N TEMPERATURE PAIN VOLUME
1 1 1 20 3 0 .8 0 78 479
1 1 2 20 3 2 .3 3 83 497
1 2 1 20 3 0 .7 8 82 485
1 2 2 20 32 .35 86 501
1 3 1 20 3 0 .7 2 84 490
I 3 2 20 3 2 .5 9 91 508
1 4 1 20 3 0 .4 9 88 495
1 4 2 20 3 2 .3 0 95 511
1 5 1 20 3 0 .7 4 92 500
1 5 2 20 3 2 .4 9 98 516
1 6 1 20 3 0 .8 2 94 502
1 6 2 20 3 2 .4 7 100 519
2 1 1 20 30.81 76 461
2 1 2 20 3 2 .1 2 80 476
2 2 1 20 3 0 .7 0 80 468
2 2 2 20 3 2 .1 4 85 470
2 3 1 20 3 0 .73 82 472
2 3 2 20 3 2 .3 6 87 486
2 4 1 20 3 0 .4 4 85 476
2 4 2 20 3 2 .0 5 91 490
2 5 1 20 3 0 .6 4 88 480
2 5 2 20 3 2 .2 8 94 494
2 6 1 20 3 0 .7 2 90 482






















































ME TEST N TEMPERATURE PAIN VOLUME
1 1 20 3 0 .6 4 80 474
1 2 20 3 2 .05 83 488
2 1 20 3 0 .4 3 80 476
2 2 20 3 2 .0 5 85 508
3 1 20 30.61 82 4 78
3 2 20 3 2 .3 2 86 494
4 1 20 30.51 82 478
4 2 20 3 2 .2 5 87 494
5 1 20 3 0 .5 9 82 480
5 2 20 32.21 87 494
6 1 20 3 0 .5 8 84 484
6 2 . 20 3 2 .1 4 89 498
1 1 20 3 0 .5 0 77 456
1 2 20 3 1 .9 3 81 469
2 1 20 3 0 .3 5 79 460
2 2 20 3 1 .8 5 83 473
3 1 20 3 0 .55 80 462
3 2 20 3 2 .0 8 84 ^73
4 1 20 3 0 .3 2 80 462
4 2 20 3 2 .0 7 84 475
5 1 20 3 0 .4 2 80 462
5 2 20 3 2 .0 0 85 476
6 1 20 3 0 .4 5 81 468
6 2 20 3 1 .9 9 86 480
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